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CHAPTER  I. 

INTRO  DUCTORY. 

Principles  of  Chemical  Nomenclature. 

(281)  Before  proceeding  to  a  description  of  the  chemical 
properties  of  the  different  elementary  substances,  and  of  the  com- 
pounds which  result  from  their  union  with  each  other,  it  will  be 
needful  to  explain  the  principles  upon  which  the  nomenclature  in 
use  amongst  chemists  has  been  founded.  The  object  of  the  in- 
ventors of  this  language  was,  not  merely  to  give  a  distinguishing 
name  to  the  substances  spoken  of,  but  also  to  convey  a  knowledge  of 
their  components,  and  even  of  the  proportions  in  which  those  com- 
ponents occur.  In  the  less  complicated  substances  with  which  the 
chemist  has  to  deal,  this  object  is  very  completely  attained.  In 
those  of  a  more  complex  nature,  the  employment  of  symbols  (1^) 
becomes  necessary,  in  order  to  enable  the  composition  of  the  body 
to  be  fully  indicated,  and  the  formula  of  a  substance,  especially  if 
the  substance  be  derived  from  the  animal  or  vegetable  kingdom, 
becomes  a  necessary  supplement  to  its  name. 

I.  Elements. — In  the  case  of  the  elementary  bodies,  the 
chemical  name  of  each  is  usually  that  by  which  it  is  distinguished  in 
common  language,  if  the  substance — as  is  the  case  with  many  of 
the  metals,  such  as  lead,  iron,  copper,  or  zinc — be  one  which  is 
familiarly  known :  if  it  be  a  body  which  the  researches  of  the 
chemist  have  brought  to  light,  the  name  is  generally  indicative  of 
some  marked  peculiarity  by  which  the  element  is  characterized.  Thus 
phosphorus  ('  the  light  bearer')  is  so  named  because  when  exposed 
to  the  air  it  emits  a  feeble  light  which  is  visible  in  a  darkened 
room ;  iodine  derives  its  name  from  the  violet  colour  of  its  vapour. 
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Hydrogen  ('  producer  of  water'),  from  the  circumstance  that  it  is  a 
necessary  component  of  water ;  and  so  on. 

The  attempt  to  introduce  a  strictly  systematic  nomenclature 
for  the  elementary  substances  has  failed,  owing  to  the  strong 
hold  which  the  popular  names  of  those  in  familiar  use  have 
retained  upon  the  language ;  but  in  the  case  of  the  more  recently 
discovered  metals  a  common  termination  in  um  has  been  assigned 
to  them,  as,  for  example,  palladium,  iridium,  osmium,  potassium, 
sodium,  aluminum,  &c.  Among  the  non-metallic  elements  analogies 
are  also  pointed  out  by  a  similarity  in  the  termination  of  the  name  : 
thus,  chlorine,  iodine,  bromine,  and  fluorine,  have  similar  properties ; 
and  the  existence  of  a  certain  analogy  between  boron  and  silicon 
is  indicated  by  the  common  termination  of  both. 

2.  Binary  Compounds. — When  elements  combine  with  each 
other  to  form  a  binary  compound,  that  is  to  say,  a  compound  in 
which  two  elements  only  are  present,  and  in  which  also  one  equiva- 
lent (ii)  only  of  each  substance  is  concerned,  the  nature  of  both 
the  components  is  specified  by  the  name  employed;  the  name  of 
the  electro-negative  ingredient  (229),  being  that  which  is  placed 
first  as  the  generic  term,  whilst  that  of  the  electro-positive  element 
follows  as  indicating  the  species ;  for  instance,  a  combination  of 
oxygen  with  zinc  is  designated  oxide  of  zinc,  the  electro-negative 
element  oxygen  standing  first  and  undergoing  a  modification  or 
inflection  in  its  name.  The  following  table  will  illustrate  the 
manner  in  which  such  modifications  are  applied ;  the  symbols  of  the 
different  compounds  are  given  in  the  fourth  column.  It  is  to  be 
observed  that  in  employing  symbols  the  rule  observed  as  to  the 
order  in  which  the  elements  are  arranged  is  the  reverse  of  that 
which  is  adopted  in  the  application  of  the  name,  for  in  the  symbol 
the  electro-negative  element  is  always  placed  last : — 


The  compounds  of 


Oxvgen 

Chlorine 

Bromine 

Iodine 

Fluorine 

Nitrogen 

Carbon 
Sulphur 
Selenium 
Phosphorus 


Are  termed : 


Oxides 
Chlorides 
Bromides 
Iodides 
Fluorides 
Nitrides 
Carbides  or 
Carburets 
Sulphides  or 
Sulphur  ets 
Selenides  or 
Seleniurets 
(Phosphides  or") 
(.     Phosphurets ) 


For  Example : — 


Oxide  of  zinc 
Chloride  of  silver 
Bromide  of  sodium 
Iodide  of  potassium 
Fluoride  of  calcium 
Nitride  of  boron 

Carbide  of  iron 

Sulphide  of  copper 
Sulphuret  of  lead 
Selenide  of  mercury 
Seleniuret  of  cadmium 
Phosphide  of  hydrogen 
Phosphuret  of  calcium 


Or  in 

symbols. 


ZnO 

AgCl 

NaBr 

KI 

CaF 

BN 

Fe^C 

CuS 

PbS 

HgSe 

CdSe 

HP. 

Ca,P 
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3.  Multiple  Compounds. — It  often  happens,  however,  in  conse- 
quence of  the  operation  of  the  lavr  of  multiple  proportions  (lo), 
that  the  same  pair  of  elements  forms  two  or  more  compounds 
endowed  with  different  properties,  and  which  contain  different  pro- 
portions of  their  components  :  the  electro-negative  element  in  this 
case  is  usually  the  one  in  which  the  multiple  relation  is  observed; 
and  the  number  of  equivalents  in  which  it  enters  into  combination 
in  the  particular  case  is  indicated  by  prefixing  to  the  name  an 
abbreviation  of  the  corresponding  Greek  ordinal :  irpioTOQ  first, 
^evrepoQ  second,  rpiroq  third,  &c.  For  example,  there  are  four 
different  oxides  of  osmium  : 

The  first  or  lowest  oxide  is  termed  the  protoxide  of  osmium     .     .  Os  O 
The  second  oxide  „  deutoxide  of  osmium     .     .  Os  O^ 

The  third  oxide  „  tritoxide  of  osmium       .     .  Os  O3 

The  fourth  oxide  „  tessaroxide,  or  peroxide  \   Qg  q 

of  osmium  .     .     .     .  j  ^ 

Sometimes  the  Latin  prefixes  are  substituted  for  those  derived 
from  the  Greek  :  thus  the  terms  oi/ioxide  or  deutoy^i^Q  of  nitrogen 
are  used  indifferently  for  a  combination  (NO2)  of  one  equivalent 
of  nitrogen  and  two  equivalents  of  oxygen.  In  the  same  way  the 
terchloride  of  antimony  (Sb  CI3)  is  used  as  synonymous  with  the 
tritochloride  of  antimony.  The  highest  oxide,  chloride,  or  sulphide, 
is  frequently  termed  the  peroxide,  perchloride,  or  persulphide.  Thus 
the  compound  MugCly  is  termed  the  perchloride  of  manganese  :  CaSg 
is  termed  indifferently  the  persulphide  or  the  pentasulphide  of  calcium. 

4.  Acids. — If  the  oxides  possess  acid  characters,  as,  for  example, 
is  the  case  with  some  of  the  higher  oxides  of  nitrogen,  a  different 
plan  is  adopted  to  mark  this  important  peculiarity.  At  the  time 
that  the  nomenclature  was  devised,  oxygen  was  considered  to  be 
the  element  upon  which  the  existence  of  the  acid  character  mainly 
depended,  as  indeed  its  name  (signifying  ^generator  of  acids^)  implies. 
The  system  of  nomenclature  was  therefore  specially  adapted  to  this 
idea.  It  frequently  happens  that  an  element  forms  more  than  one 
acid  with  oxygen  :  the  compound  which  contains  the  largest  pro- 
portion of  oxygen  is  in  this  case  indicated  by  making  the  name 
terminate  in  the  syllable  ic.  Nitric  acid  (NO5),  for  instance,  is 
the  acid  of  nitrogen  in  which  the  largest  quantity  of  oxygen  is 
found :  in  like  manner  sulphuric  acid  (SO3)  is  the  most  highly 
oxidized  acid  of  sulphur.  A  second  acid  which  contains  the  same 
elements  united  with  a  smaller  proportion  of  oxygen  receives  a 
name  which  ends  with  the  syllable  ous :  thus  nitrous  acid  (NO3) 
and  sulphurous  acid  (SOg)  indicate  acids  in  which  a  smaller  pro- 
portion  of  oxygen  is  present   than  in  nitric   and   sulphuric   acids. 

^K  F  F  2 
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When  an  acid  exists  in  whicli  a  still  smaller  proportion  of  oxygen 
is  present,  the  prefix  hypo — from  viroy  '  below/  is  usually  employed; 
hyposulphurous  acid  (S2O2)  is  the  term  employed  to  designate  an 
acid  which  contains  still  less  oxygen  than  sulphurous  acid.  Now 
and  then  an  acid  is  discovered  which  contains  still  more  oxygen 
than  the  one  to  which  the  termination  ic  has  been  appropriated. 
Chloric  acid_,  for  example,  is  represented  as  CIO5,  but  an  acid  was 
subsequently  found  to  exist,  which  has  the  composition  CIO7 ;  in 
this  case  the  prefix  per  (which  is  an  abbreviation  for  vTrt/o,  or  super ^ 
'  above')  is  employed,  the  new  compound  having  been  termed  per- 
chloric acid. 

The  progress  of  research,  however,  has  revealed  other  acids  in 
which  oxygen  is  wanting,  but  which  contain  hydrogen  in  its  stead. 
These  acids  are  usually  distinguished  by  prefixing  the  word  hydro, 
as  an  abbreviation  for  hydrogen :  thus  chlorine  and  hydrogen 
form  an  acid,  HCl,  hydrochloric  acid,  often  called  muriatic  acid. 
Cyanogen  and  hydrogen  form  hydrocyanic  or  prussic  acid,  HCy, 
and  so  on.  Many  French  writers,  following  Thenard,  transpose 
these  terms :  they  speak  of  chlorhydric  acid,  and  cyanhydric  acid. 
There  is  an  advantage  in  this  alteration,  as  it  avoids  any  ambiguity 
which  might  arise  from  the  use  of  the  prefix  hydro,  which  has 
sometimes  been  applied  to  compounds  which  contain  water. 

5.  Salts. — When  the  acids  unite  with  bases  to  form  salts,  the 
degree  of  oxidation  in  the  acid  is  still  indicated  by  the  name  of 
the  salt.  The  name  of  the  acid  stands  first  as  generic,  the  name 
of  the  base  being  added  to  show  the  species. 

When  acids  ending  in  ic  form  salts,  the  termination  of  the 
acid  is  changed  into  ate :  thus  the  salt  formed  when  nitric  acid 
unites  with  lime  is  termed  nitrate  of  lime  (CaO,N05) .  When  sul- 
phuric acid  combines  with  oxide  of  iron,  the  salt  is  called  sulphate  of 
oxide  of  iron,  or  usually,  for  the  sake  of  brevity,  sulphate  of  iron 
(FeO,  SO3).  Perchloric  acid  with  potash  forms  the  salt  called 
perchlorate  of  potash  (KO,  CIO7).  If  the  name  of  the  acid  end 
in  ous,  the  termination  is  changed  to  ite  in  naming  the  salt :  thus 
sulphurous  acid  and  baryta  form  a  salt  called  sulphite  of  baryta 
(BaO,  SO2).  Hyposulphurous  acid  and  soda  by  their  union  form 
hyposulphite  of  soda  (NaO,  S2O3). 

It  may  here  be  well  to  caution  those  who  are  just  commencing 
the  study  of  chemistry  of  the  necessity  of  distinguishing  clearly 
between  compounds,  such  as  the  sulphites  and  the  sulphates,  or 
the  sulphides  and  the  sulphites.  Sulphide  of  sodium,  for  example, 
is  a  binary  compound^  NaS,  containing  a  direct  product  of  the 
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combination  of  two  elementary  substances,  whereas  sulphite  of 
soda  is  a  more  complex  compound  (NaO,  SO.^),  formed  by  the 
union  of  two  compound  bodies  with  each  other.  Sulphate  of  soda 
(NaO,  SO3),  again,  contains  an  equivalent  more  of  oxygen  than  the 
sulphite  of  this  base. 

If  more  than  one  equivalent  of  an  acid  be  united  with  one 
equivalent  of  a  base,  there  is  no  difficulty  in  pointing  this  out  in 
the  name.  A  compound  of  one  equivalent  of  chromic  acid  and 
of  potash  (KO,  CrOg)  would  be  spoken  of  simply  as  chromate  of 
potash  r  but  there  is  another  compound  of  potash  with  chromic 
acid  in  which  two  equivalents  of  the  acid  are  present  to  one  of 
the  base ;  this  compound  is  known  as  the  bichromate  of  potash 
(KO,  2  CrOg),  the  circumstance  of  the  additional  equivalent  of  acid 
being  in  this  and  in  other  analogous  cases  indicated  by  the  prefix 
bi,  from  the  Latin  bis, '  twice,^  which  is  made  to  precede  the  name 
appropriated  to  the  neutral  salt.  Tlie  more  complicated  relation 
of  three  equivalents  of  acid  to  two  of  base,  or  the  proportion  of  i  ^ 
to  I,  is  expressed  by  the  prefix  sesqui j^\i\ch.  means  '  one  and  a  half  ;^ 
thus  the  compound  of  ammonia  with  carbonic  acid,  which  forms 
the  usual  smelling  salts,  is  called  sesquicarbonate  of  ammonia 
(HO,  2  H,NO,  3  CO2). 

Occasionally  it  happens  that  it  is  the  base  instead  of  the  acid 
which  increases  in  multiple  proportion.  Some  of  the  salts  of  lead 
exhibit  this  mode  of  combination ;  in  such  a  case  the  nature  of  the 
compound  is  indicated  by  using  the  prefixes  di  or  disy  for  two 
equivalents  of  base,  tri  or  tris,  for  three  equivalents,  and  so  on ; 
(2PbO,  NO5)  would  be  dinitrate  of  lead,  (aPbO,  C4H3O3)  tri- 
acetate of  lead,  &c. 

Generally  speaking,  a  metal  forms  only  one  salifiable  oxide, 
that  is  to  say,  only  one  oxide  which  has  the  power  of  combining 
with  acids,  and  thus  forming  salts  :  but  there  are  several  exceptions 
to  this  rule.  Iron,  for  example,  may  form  salts  in  which  the 
protoxide  (FeO)  is  present.  Such  salts  are  commonly  distin- 
guished as  protosalts.  (FeO,  SO3  +  HO,  6  aq)  represents  the  com- 
position of  the  crystallized  sulphate  of  protoxide  of  iron,  and  it  is 
often  described  briefly  as  protosulphate  of  iron;  but  there  is 
another  series  of  salts  of  iron,  in  which  the  peroxide  or  sesqui- 
oxide  (Fe203)  of  the  metal  is  the  base;  these  are  distinguished 
as  the  persalts,  or  sesqui salts,  of  iron :  (Fe203,  3  SO3)  repre- 
sents the  sulphate  of  the  peroxide  (or  sesquioxide)  of  iron,  and  it 
is  usually  termed  the  persulphate,  or  sesquisulphate  of  iron.  These 
terms,   although   in    general  use,   are  not   free   from   ambiguity. 
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Berzelius  preferred  to  call  the  protoxide  of  iron,  ferrous  oxide^  and 
the  protosnlphate,  ferrous  sulphate,  whilst  the  sesquioxide  he 
termed  ferric  oxide,  and  the  sesquisulphate  upon  his  plan  was 
called  ferric  sulphate.  This  form  of  nomenclature,  however,  does 
not  assimilate  well  with  our  language,  though  it  has  the  advan- 
tage of  brevity  and  precision. 

Other  forms  of  nomenclature  are  applied  in  particular  cases,  but 
these  will  be  best  explained  as  the  examples  to  which  thej^  refer  arise. 

(282)  Empirical  and  Rational  Formula.  —  In  expressing  the 
composition  of  a  body  by  the  use  of  symbols,  the  chemist  may 
either  content  himself  with  simply  stating  the  result  of  analysis  by 
a  mere  enumeration  of  the  elements  and  the  relative  number  of 
equivalents  of  each ;  in  which  case  he  gives  what  is  termed  the 
empirical  formula  of  the  body;  or  he  may  attempt  an  explanation 
of  the  mode  in  which  he  conceives  those  elements  to  be  asso- 
ciated together,  and  by  the  arrangement  of  his  symbols  may  give 
expression  to  a  theory  of  the  composition  of  the  body,  and  thus 
assign  to  it  a  rational  formula.  A  body  can  have  but  one  empi- 
rical formula,  but  it  may  be  represented  by  a  variety  of  rational 
formulae,  according  to  the  different  views  which  may  be  taken  as 
to  the  mode  in  which  its  components  are  arranged. 

Crystallized  sulphate  of  magnesia,  for  example,  has  the  following 
empirical  formula : — 

(I)  MgH,  SOn. 

That  is  to  say,  it  contains  i  equivalent  of  magnesium,  7  of  hydro- 
gen, 3  of  sulphur,  and  11  of  oxygen.  It  is,  however,  never  so 
written.  The  water  which  it  contains  may  be  entirely  driven  off 
by  a  heat  a  little  above  400°  F. ;  and  it  is  usually  represented  as 
consisting  of  magnesia,  sulphuric  acid,  and  water,  as  these  are  the 
materials  out  of  which  it  is  formed  :  thus — 

(2)   MgO,  SO3,  7  HO. 

But  it  is  found  that  at  a  heat  of  212°,  6  equivalents  of  the  water 
may  be  expelled,  whilst  the  7th  equivalent  requires  a  much  higher 
temperature,  so  that  it  appears  to  occupy  a  position  in  the  salt 
different  from  that  of  the  other  6 :  this  fact  may  be  indicated  by 
slightly  altermg  the  second  formula. 

(3)  MgO,  SO3  +  HO,  -f  6  HO. 

Some  chemists,  however,  guided  partly  by  the  results  of  the 
electrolysis  of  the  salt,  suppose  that  when  once  an  acid  and  a  base 
have  united,  their  elements  are  arranged  in  different  order  to  that 
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in  which  they  existed  when  separate,  and  they  prefer  to  represent 
the  salt  accordingly,  as 

(4)  Mg,  SO,  +  HO,  +  6  HO. 

Each  of  the  last  three  formulse  is  a  rational  formula  for  sul- 
phate of  magnesia;  and  each  conveys  far  more  information  than 
the  formula  No.  i.  Each  represents  a  theory  founded  upon  par- 
ticular modes  of  decomposition  which  the  salt  may  be  made  to 
experience. 

It  is  impossible  that  all  these  formulse  should  truly  indicate  the 
molecular  constitution  of  the  salt,  though  under  particular  circum- 
stances they  may  represent  the  grouping  of  its  component  elements. 
Rational  formulse  are  indeed  indispensable  as  the  exponents  of 
the  theories  which  guide  the  chemist  in  his  researches,  or  which 
aid  him  in  arranging  and  interpreting  phenomena;  but,  like  the 
theories  which  they  represent,  they  are  but  temporary  expedients, 
and  they  must  consequently  always  be  regarded  as  such,  and  must 
be  modified  or  discarded  when  they  no  longer  faithfully  represent 
the  conditions  of  our  knowledge  of  the  compound  which  they  are 
employed  to  indicate. 

(383)  General  Arrangement  of  the  Elements  adopted  in  this 
Work. — The  general  division  of  the  elementary  bodies  into  non- 
metallic  and  metallic  has  been  already  pointed  out.  There  is, 
however,  no  strict  line  of  demarcation  between  the  non-metallic 
and  the  metallic  elements. 

The  bodies  which  are  considered  as  non-metallic  constitute 
the  electro-negative  ingredient  in  the  binary  combinations  which 
they  form  with  the  metals,  and  are  most  of  them  insulators  of  the 
voltaic  current.  Carbon  and  silicon,  however,  in  certain  forms,  act 
as  conductors  of  electricity.  The  compounds  of  the  non-metallic 
elements  with  oxygen  generally  show  but  little  tendency  to 
unite  with  acids ;  on  the  contrary,  the  higher  oxides  of  most  of 
them  form  powerful  acids  as  the  result  of  their  combination  with 
oxygen.  These  acids,  except  in  the  case  of  the  silicic,  dissolve  readily 
in  water ;  and  even  silicic  acid,  in  certain  cases,  may  be  obtained 
in  solution. 

The  metals,  on  the  other  hand,  are  characterized  by  a  peculiar 
combination  of  opacity  and  compactness,  which  gives  them,  when 
polished,  a  peculiar  brilliancy  which  is  termed  the  metallic  lustre ; 
they  are  good  conductors  of  heat  and  electricity,  and  most  of 
them,  by  combination  with  oxygen,  form  powerful  bases.  It  is,  never- 
theless, Bometimes  difficult  to  determine  whether  a  body  be  metallic 
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or  not.  Arsenic  has  a  high  metallic  lustre ;  but  it  is  more  closely- 
allied  to  phosphorus  than  to  any  other  elementary  substance^  and 
both  its  oxides  are  endowed  with  well-marked  acid  properties.  Tel- 
lurium, also,  exhibits  the  closest  analogy  with  selenium  and  with 
sulphur,  but  it  possesses  high  lustre,  and  some  conducting  power 
for  electricity. 

The  subdivision  into  non-metallic  and  metallic  bodies  is,  how- 
ever, convenient  to  the  student,  and  it  will  therefore  be  retained  in 
this  work.  The  order  in  which  the  different  elementary  bodies  will 
be  treated  is  not  in  all  cases  that  which  a  rigid  adherence  to  analogy 
indicates,  though  this  has  generally  been  adopted.  This  order  has, 
however,  been  departed  from  where  it  seemed  more  advantageous  to 
the  student  to  adopt  a  different  course.  In  most  cases  we  shall  first 
examine  the  chemical  properties  which  are  exhibited  by  each  of  the 
elements  in  its  uncombined  form  :  we  shall  then  study  the  general 
nature  of  its  actions  upon  other  elements,  and  shall  afterwards  examine 
the  more  important  compounds  into  the  formation  of  which  it  enters. 

The  most  convenient  and  natural  arrangement  to  adopt  in  the 
description  of  the  properties  of  the  non-metallic  elements  appears 
to  be  to  consider  first  the  four  elements  which  enter  into  the  com- 
position of  those  all -pervading,  and  all-important  substances,  air 
and  water,  and  then  to  pass  on  to  others,  classing  them  together 
according  to  the  general  analogy  of  their  properties.  Following 
this  plan  we  shall  consider  first  the  properties  of. 


T.  Oxygen 

2 .  Nitrogen  (and  the  atmosphere) 


3.  Hydrogen  (and  water) 

4.  Carbon  (and  carbonic  acid.) 


Having  examined  some  of  the  more  important  compounds 
which  these  bodies  form  with  each  other,  we  shall  describe  the 
well-marked  natural  group  consisting  of  what  Berzelius  terms  the 
Halogens,  from  the  circumstance  of  their  forming  with  the  metals 
saline  compounds  resembling  common  salt — viz. 


5  Chlorine 

6  Bromine 


7  Iodine 

8  Fluorine. 


Three  combustible  elements  will  be  taken  next  in  order — viz.. 


9  Sulphur 
10  Selenium 


II  Phosphorus; 


and  the  general  survey  of  the  non-metallic  elements  will  be  com- 
pleted with 

J  2,  Silicon  I  13  Boron. 
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For  the  convenience  of  description  and  of  reference,  the  metals 
may  be  arranged  in  seven  groups  in  the  following  order.  The 
elements  which  compose  each  group  generally  present  some  natural 
resemblance^  though,  as  already  stated,  the  classification  does  not 
in  all  cases  bring  together  those  which,  in  chemical  habitudes,  are 
really  the  most  closely  allied.  Some  further  remarks  upon  the 
analogies  of  the  different  elements  will  be  offered  when  the  prin- 
ciples which  aid  in  determining  the  chemical  equivalents  are 
explained. 

I.  Metals  of  the  Alkalies — 3  in  number. 

Oxides. 

1.  Potassium Potash  (KO). 

2.  Sodium Soda  (NaO). 

3.  Lithium Lithia  (LiO). 

II.  Metals  of  the  Alkaline  Earths — 4  in  number. 

Oxides. 

1.  Barinm Baryta  (BaO). 

2.  Strontium Strontia  (SrO). 

3.  Calcium Lime  (CaO). 

4.  Magnesium Magnesia  (MgO). 

III.  Metals  of  the  Earths — 10  in  number. 

Oxides. 

1.  Aluminum Alumina       (AI2O3). 

2.  Glucinum Glucina        (GI2O3). 

3.  Zirconium Zirconia        (ZrgOg). 

4.  Thorinum .  Thorina        (ThO). 

5.  Yttrium Yttria  (YO). 

6.  Erbium Erbia. 

7.  Terbium Terbia. 

8.  Cerium. 

9.  Lantanium. 
10.  Didymium. 

IV.  Metals  more  or  less  analogous  to  Iron — 8  in  number. 


1.  Zinc. 

2.  Cadmium. 

3.  Cobalt. 

4.  Nickel. 


5.  Uranium. 

6.  Iron. 

7.  Chromium. 

8.  Manganese. 
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V.  Metals  which 

I.  Tin. 

%.  Titanium. 

3.  Columbium. 

4.  Niobium. 

5.  Ilmenium. 

6.  Molybdenum. 


Acids — II  in  number. 

7.  Tungsten. 

8.  Vanadium. 

9.  Antimony. 

10.  Arsenic. 

11.  Tellurium. 


VI.  3  Metals. 


I.  Bismuth. 
Q,.  Copper. 


3.  Lead. 


VII.  Noble  Metals — 9  in  number. 
I.  Mercury.  6.  Rhodium. 


2.  Silver. 

3.  Gold. 

4.  Platinum. 

5.  Palladium. 


7.  Ruthenium. 

8.  Osmium. 

9.  Iridium. 


CHAPTER  II. 


THE      ATMOSPHERE. 


(284)  Compound  Nature  of  the  Atmosphere. — The  chemical  re- 
searches of  the  philosophers  of  the  last  century  are  especially  remark- 
able on  account  of  the  important  information  which  they  afforded 
upon  the  nature  of  the  atmosphere.  Indeed^  the  knowledge  thus 
obtained  may  be  regarded  as  the  starting  point  of  the  brilliant 
chemical  discoveries  which  have  since  succeeded  each  other  with 
such  rapidity. 

These  researches  have  abundantly  proved  that  the  air  is  far  from 
being,  as  it  was  once  supposed  to  be,  an  elementary  body.  It  has 
been  found,  on  the  contrary,  to  be  a  mixture  of  several  substances, 
some  of  which  are  elementary,  others  compound. 

The  most  remarkable  and  abundant  of  the  constituents  of  the 
air  are  the  elementary  bodies,  oxygen  and  nitrogen ;  and  of  its 
compound  ingredients  aqueous  vapour  and  carbonic  acid  are  the 
most  important. 


COMPOUND    NATURE    OF    THE    ATMOSPHERE. 


439 


The  most  direct  proofs  of  the  compound  character  of  the 
atmosphere  are  afforded  by  examining  the  effects  produced  in  it 
by  burning  bodies.  Bodies,  as  is  well  known,  cannot  bum  with- 
out the  free  access  of  air.  On  placing  a  lighted  taper  under  the 
receiver  of  the  air-pump  and  exhausting  the  air,  the  flame  becomes 
extinguished.  A  limited  quantity  of  air  will  only  support  combus- 
tion for  a  limited  period :  a  lighted  taper  floating  on  water  under 
an  inverted  bell-glass,  the  edge  of  which  is  plunged  beneath  the 
water,  soon  begins  to  burn  dimly,  and  at  length  becomes  extinct. 
But  the  taper  ceases  to  burn  long  before  the  air  is  all  spent.  The 
receiver  still  contains  a  large  quantity  of  a  gaseous  body  in  which 
a  candle  will  not  burn.  The  results  obtained  by  burning  a  candle 
in  a  limited  portion  of  air  are  however  rather  complicated,  because 
the  products  which  are  formed  by  the  burning  body  rise  in  the 
form  of  gas,  and  mix  with  the  remaining  portion  of  air.  In  a  form 
of  experiment  which  was  devised  by  Lavoisier  during  his  researches 
upon  the  atmosphere,  he  contrived  to  obviate  this  inconvenience 
by  acting  upon  the  air  with  a  substance  which  produced  a  solid 
body  as  the  result  of  the  chemical  action,  and  left  the  air  unmixed 
with  any  gas  which  rose  from  the  burning  body.  The  substance 
which  he  employed  to  decompose  the  air  was  metallic  mercury,  a 
substance  which  acts  very  slowly,  and  which  does  not  appear  to 
burn  in  the  ordinary  sense  of  the  term.  The  experiment  may  be 
performed  as  follows  : — 

Into  the  bulb  of  a  flask  or  retort  (a,  fig  224),  provided  with  a 
neck  of  considerable 

length,  an  ounce  or  ^'^^-  224- 

two  of  metallic  mer- 
cury is  introduced : 
the  neck  of  the 
flask  is  then  bent  in 
the  manner  shown 
in  the  figure,  and 
tlie  bent  portion 
plunged  into  a  mer- 
curial bath,  so  as 
to  leave  the  open 
end  of  the  neck 
projecting  above  the 
level  of  the  mercury, 
into  a  jar  partially 
filled    with    atmospheric    air.     The   bulk  of  this  portion  of  air 
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is    accurately    observed^    and    the    temperature    and    barometric 
pressm-e    at    the    time   of   the  observation   are   recorded.      Heat 
is    now    applied    to    the    flask_,    and    maintained    steadily    at    a 
point   just    below    that    required    to    make    the    mercury  boil. 
If  this   temperature  be   continued  for  three  or  four  consecutive 
days^  the  decomposition  of  the  air  inclosed  both  in  the  flask  and 
in  the  jar  will  be  effected.      The  mercury  will  gradually  become 
covered  with  red   scales^  and   the   air   in   the  jar^   which  at  first 
expanded  from  the  action  of   the  heat,    will  slowly   decrease  in 
bulk  until  fresh  scales  no  longer  continue  to  be  formed.    When 
this  point  is  reached  the  source  of  heat  may  be  removed,  and  the 
remaining  air,  wBen  cold,  will  be  found  to  measure  nearly  ^th  less  than 
it  did  at  the  commencement.      If  a  portion  of  this  residual  air  be 
decanted  into  another  jar  it  will   be  found  to   be   unfit   for   the 
support  of  animal  life ;  a  mouse  or  other  small  animal  introduced 
into  it  speedily  dies,  and  the  flame  of  a  candle  is  instantly  extin- 
guished.     The  gas  which  has  been  thus  obtained,  is  an  elementary 
body  nearly  in  a  state  of  purity,  it  is  termed  nitrogen  (^  generator 
of  nitre^),  as  it  forms  an  essential  constituent  of  nitre  or  saltpetre  ; 
occasionally  it  is  distinguished  by  the  name  of  azote,  from  its  in- 
ability when   pure   to   support   life,   although  it   is   not    directly 
poisonous.      In   this   experiment   the   heated    mercury   has   been 
slowly  effecting  the  removal  of  the  oxygen  from  the  air. 


§  I.  Oxygen. 

Symbolj  O ;  Equivalent y  8 ;   Combining  Volume^   i ;  Specific 
Gravity,  i'io57. 

(285)  If  in  the  foregoing  experiment,  the  red  scales  which 
formed  upon  the  mercury  when  it  is  heated  in  a  confined  portion 
of  air,  be  introduced  into  a  small  retort  and  exposed  to  a  strong 
heat,  they  will  gradually  disappear ;  drops  of  mercury  will  con- 
dense in  the  cool  part  of  the  retort,  and  a  gas  will  be  disen- 
gaged, which  may  be  collected  over  water.  If  the  experiment  be 
performed  with  sufficient  accuracy  the  quantity  of  the  gas  obtained 
will  be  exactly  equal  in  volume  to  the  bulk  absorbed  from  the  air 
by  the  mercury. 

To  this  gas  the  name  of  Oxygen  has  been  given.  It  is  an 
elementary  body,  and  ranks  indeed  among  the  most  remarkable 
and  important  of  all  the  elements. 

Properties. — Oxygen  gas  possesses  the  power  of  supporting  com- 
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bustion  in  an  eminent  degree.  If  a  splinter  of  wood  with  a  glowing 
spark  on  any  part  of  it  be  plunged  into  the  gas,  the  wood  will  instantly- 
burst  into  flame,  and  will  burn  with  extraordinary  brilliancy.  A 
small  animal  will  live  in  a  confined  space  filled  with  oxygen  for 
a  longer  period  than  in  an  equal  bulk  of  air ;  but  the  gas  is  of  too 
stimulating  a  quality  to  be  breathed  undiluted  with  impunity  for 
any  considerable  time,  and  before  long  it  produces  death  from 
over-excitement  of  the  system. 

Oxygen,  like  air,  is  destitute  of  colour,  taste  and  smell.    Of  all 
known  substances  it  has  the  smallest  refracting  power  for  the  rays 
of  light.      Hitherto  all  attempts  to  reduce  it  to  the  liquid  form  by 
the  combined  application  of  pressure  and  of  cold  have  proved  fruit- 
less.   Oxygen  has  been  proved  to  possess  weak  but  decided  magnetic 
properties,  like  those  of  iron^  and  like  this  substance  its  suscepti- 
bility to  magnetization  is  diminished,  or  even  temporarily  suspended, 
by   a   sufficient    elevation   of   temperature    (275).      According  to 
Regnault,  i  litre,  (61*024  cub.  in.)  at  32°  F.,  Bar.  29"922,  weighs 
on  a  mean  of  three  very   careful   experiments,   r 4.2^8   grammes. 
This   reduced  to  the  English   standard  of  60°   F.  and   30  inches 
Bar.,  gives  34*203   grains  as  the  weight  of   100   cubic  inches  of 
oxygen.      It  is  heavier  than   the  atmosphere,  its  specific  gravity, 
deduced  from   the   experiments  just  mentioned,  being    1*10563;* 
and  it  is  only  slightly  soluble  in  water,  which  takes  up  about  2Vth 
of    its    bulk.      Oxygen    is    essential    to    the    support    of   animal 
life,  and  hence  by  the  older  chemists  was  termed  vital  air.    Oxygen 
possesses  extremely  powerful  chemical  affinities  for  other  elements, 
one  only  (fluorine)  being  known  with  which  it  does  not  combine 
and  form  compounds.    Owing  to  the  intensity  with  which  many  of 
these  actions  take  place,  bodies  which  burn  tranquilly  in  air  often 
deflagrate  with  violence  in  oxygen.      Phosphorus  burns  in  it  with 
a  brilliancy  which  is  painful  to  the  eye  ;  many  metals  also  bum 
vividly  in  it :  a  piece  of  potassium  the  size  of  a  pea,  j|^ed  in  a 
small   copper  spoon,  c,  fig.  225,  and  heated  strongb^^fcp,  spirit 
lamp,  bursts  into  flame  when  plunged  into  the  ^^[^HpPpiece  of 
German  tinder  be  attached  to  a  piece  of  thin^BHjjm'e   and  be 
lighted,  to  start  the  combustion   before  it  is  intJH^ced  into  the 
oxygen,  the  wire  will  burn  with  brilliant  scintillatio^;  zinc  foil  burns 
in  oxygen  with  an  intense  bluish  white  light ;   and  in  like  manner 
sulphur  and  charcoal,  if  previously  kindled,  also  burn  in  the  gas 
with  great  vehemence. 

*  Dumas  and  Boussingault  found  the  density  of  oxygen  almost  exactly  the 
same  as  that  given  above — viz.  i"io57  ;  Saussure  states  it  to  be  1*1056, 
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Fig.  225. 


Fig.  226. 


Preparation. — Although  oxygen  was  first  obtained  by  Priestley, 
in  1774,  by  the  action  of  heat  upon  the  red  oxide  of  mercury,  there 
are  other  methods  of  procuring  it  which  are  more  convenient  and 
economical.  Many  substances  which  contain  oxygen  part  with 
it  on  the  mere  application  of  a  strong  heat :  chlorate  of  potash  is 

one  of  these ;  200  or  300 
grains  of  this  crystallized 
salt  may  be  heated  over 
a  gas  flame  or  a  charcoal 
fire,  in  a  green  glass  retort 
or  in  a  Florence  flask,  f, 
(fig.  226),  furnished  with 
a  cork  which  is  adapted 
to  a  bent  tube  for  deliver- 
ing the  gas ;  the  salt  fuses 
at  a  heat  below  redness, 
and  at  a  temperature  a 
little  above  its  melting 
point  emits  a  large  quan- 
tity of  gas,  which  may 
be  collected  in  jars  over 
water  in  the  pneumatic  trough,  or  it  may,  if  not  wanted  for 
immediate  use,  be  stored  up  in  a  gas-holder  (38).  If  a  jar  of 
the  gas  be  closed  with  a  glass  plate  it  may  readily  be  inverted,  as 
at  A,  fig.  225,  and  its  power  of  supporting  combustion  tested  by  a 
taper,  as  shown  at  b.  The  oxygen  furnished  by  chlorate  of  potash 
is  perfectly  pure,  and  amounts  to  more  than  one-third  of  the  weight 
of  the  salt  used ;  i  ounce  of  the  crystals  should  yield  about  512 
cubic  inches,  or  nearly  2  gallons  of  the  gas.  Chlorate  of  potash 
is  a  compound  of  chloric  acid  with  potash ;  the  chloric  acid  consists 
of   oxygen  and  chlorine;   the  potash,  of   oxygen  and  potassium; 
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both  the  chloric  acid  and  the  potash,  when  heated  together,  are 
decomposed,  and  give  up  all  their  oxygen  in  the  gaseous  form,  whilst 
the  chlorine  and  potassium  unite  and  constitute  the  white  salt 
which  remains  in  the  retort  when  the  operation  is  over.  The 
following  diagram  may  assist  in  explaining  these  effects  : — 

Before  decomposition.  After  decomposition. 

I  Eat  =^i22-i,(^^^^-^'^^'^  (  ^  ^*1*-  "  35 *5  chlorine  (CI) -7  i  Eqt.  =  74 -5  chloride 

V ;      .      ^     chloric  acid   <     „  zrv  \  ^^       of.potassium  (KCl). 

chlorate       J        ^jq  ]  5  Eqs.  =  40     oxygen  (OJ  s^/^  ^  ^        ^ 

^KO^'^n?^     I  I  Eqt.  =47     f  I  Eqt.  =  39     potassium  (K)'^\ 

[t^v^^ivj     |^potash,(KO)t  iEqt.=   8     oxygen      ^(0) -^    6  Eqs  =  48  oxygen, 

Or  in  symbols :  KO,  CIO5  yield  KCl  +  Og. 

Wlien  the  quantities  of  chlorate  employed  are  rather  large,  the 
heat  required  is  apt  to  soften  the  glass  of  the  flask  in  which  it  is 
decomposed,  and  it  is  needful  to  employ  a  stronger  heat  than  a 
lamp  will  easily  furnish.  It  has,  however,  been  found  that  many 
metallic  oxides,  if  mixed  in  fine  powder  with  the  pulverised  chlorate 
in  a  proportion  of  not  less  than  one  part  to  ten  of  the  salt,  cause 
the  expulsion  of  the  gas  at  a  much  lower  temperature,  ranging 
between  450°  and  joo°  F.,  although  such  oxides  have  not  been 
proved  to  experience  any  chemical  change  during  the  operation. 
It  is  therefore  convenient  in  practice  to* mix  the  chlorate  of  potash 
with  about  a  fourth  of  its  weight  of  black  oxide  of  copper  (CuO)  or 
of  manganese,  that  has  been  previously  heated  to  redness  and  allowed 
to  cool.  The  gas  which  is  obtained  in  this  way  is,  however,  apt  to 
contain  traces  of  chlorine. 

For  the  supply  of  large  quantities  of  oxygen  it  is  usual  to 
employ  the  black  oxide  of  manganese  (MnOg),  a  mineral  found 
abundantly  in  Devonshire  and  in  various  other  parts  of  the  world. 
At  a  red  heat  it  parts  with  one-third  of  the  oxygen  which  it  con- 
tains, whilst  a  reddish  brown  oxide  of  manganese  remains  behind. 
This  decomposition  is  expressed  in  symbols  as  follows : 

3  MnOg  give  (MnO  +  MngOa)  +  Og. 

The  mineral  must  be  reduced*to  small  fragments  about  the  size  of 
a  pea,  and  introduced  into  an  iron  bottle,  fig.  227,  to  the  neck  of 

Fig.  227. 


which  an  iron  pipe  is  fitted  by  grinding ;  the  bottle  is  heated  in 
a  furnace,  and  the"  gas  is  conveyed  to  the  gas-holder  by  means  of  a 
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piece  of  flexible  metallic  piping  of  suitable  length.  As  the  oxide  of 
manganese  usually  contains  a  portion  of  water^  and  frequently  also 
some  carbonate  of  lime_,  the  first  effect  of  heat  is  to  drive  off  a 
quantity  of  steam  mixed  with  a  gas  which  consists  principally  of 
carbonic  acid.  When  the  gas  that  comes  off  rekindles  a  glowing 
match^  it  may  be  collected  for  use.  Oxide  of  manganese,  when 
chemically  pure_,  furnishes  about  |th  of  its  weight  of  oxygen ;  but 
as  met  with  in  commerce  it  seldom  yields  more  than  half  this 
quantity,  a  pound  giving  off  about  1400  cubic  inches  of  the  gas. 

Oxygen  may  be  obtained  from  various  other  substances,  but 
those  already  mentioned  are  the  best,  and  are  the  materials  most 
frequently  employed.  Red  lead,  as  well  as  saltpetre,  when  heated 
strongly,  furnishes  the  gas ;  and  a  mixture  of  sulphuric  acid  in  its 
concentrated  form  with  half  its  weight  of  powdered  oxide  of  man- 
ganese, or  of  bichromate  of  potash,  may  also  be  made  use  of  by 
applying  heat  to  the  materials  placed  in  a  glass  retort.* 

(286)  Nature  of  Combustion. — The  distinguishing  feature  of 
oxygen  is  its  remarkable  power  of  supporting  combustion.  When- 
ever any  rapid  chemical  action  attended  with  extrication  of  light 
and  heat  takes  place,  combustion  is  said  to  occur.  In  order  to 
commence  this  action  it  is  generally  necessary  to  apply  heat ;  after- 
wards the  heat  which  is  liberated  during  the  process  is  more  than 
sufficient  to  carry  it  on,  and  the  act  of  combination  proceeds  with 
increasing  rapidity.  A  stick  of  charcoal  may  be  kept  in  oxygen 
at  common  temperatures  for  years  without  entering  into  combina- 
tion with  the  gas,  but  the  smallest  spark  upon  the  surface  of  the 
charcoal  will  suffice  to  determine  its  immediate  and  vivid  com- 
bustion. 

It  must  ever  be  borne  in  mind  that  in  the  case  of  combustion, 
as  in  every  instance  of  chemical  action,  how  completely  soever  the 
combustible,  or  body  which  is  burned,  may  change  its  form  so  as 


*  Bichromate  of  potash  and  sulphuric  acid  when  heated  together  undergo 
a  decomposition,  in  consequence  of  which,  oxygen,  sulphate  of  potash,  and 
sulphate  of  chromium  are  produced.  This  change  may  be  represented  in  the 
following  manner : — 

Bichrom.  Potash.         Sulph.  Acid.     Sulph.  Potash.        Sulph.  Chrom.  Water.      Oxygen. 

^K^cTo^  +4(HOrS0^3)=  KoTsOa  +  CrgOg,  3SO3  +  4HO   +'~0^ 

Part  of  the  sulphuric  acid  is  employed  in  displacing  the  chromic  acid  from 
the  bichromate  of  potash,  and  in  forming  sulphate  of  potash  in  its  place, 
whilst  another  portion  of  the  sulphuric  acid  assists  in  decomposing  the  libe- 
rated chromic  acid,  which  loses  half  its  oxygen  and  becomes  converted  into 
oxide  of  chromium,  and  this  oxide,  by  combining  with  the  sulphuric  acid,  forms 
sulphate  of  chromium. 
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Fig.  228. 


even  to  disappear  from  our  sight,  tliere  is  no  actual  destruction  of 
matter,  or  loss  of  weight.  A  candle  in  burning  seems  to 
disappear  completely ;  and  when  the  combustion  is  over  an  insig- 
nificant trace  of  ash  from  the  wick  is  all  that  remains  to  the 
eye.  It  is,  however,  easy  to  show  that  nothing  is  destroyed 
in  this  operation,  but  that  the  constituents  of  the  candle  in  burning 
have  combined  with  a  certain  proportion  of  oxygen,  and  that  the 
aeriform  compounds,  carbonic  acid  and  aqueous  vapour,  which  are 
the  result  of  the  combustion,  though  invisible,  really  weigh  more 
than  the  original  candle ;  the  gain  in  weight  representing  the  quan- 
tity of  oxygen  which  by  its  combination  with  the  materials  of  the 
candle  has  produced  the 
chemical  change. 

The  experiment  may 
be  conducted  in  the  fol- 
lowing manner: — Take  a 
glass  tube,  a  b,  fig.  228, 
14  or  15  inches  long,  and 
i^  inch  in  diameter; 
thrust  a  piece  of  wire 
gauze,  /,  half  way  down 
the  tube,  and  fill  the 
upper  half  with  frag- 
ments of  fused  potash. 
The  fused  potash  is  em- 
ployed to  retain  both  the 
carbonic  acid  and  the 
moisture,  which  are  the 
only  compounds  pro- 
duced by  the  burning 
candle,  if  it  be  properly 
supplied  with  air.  To  the 
lower  end  of  the  tube  fit 
a  cork  perforated  with 

three  or  four  holes  for  the  admission  of  air,  and  fasten  to  it  a  short 
piece  of  wax  taper.  To  the  other  end  of  the  tube  adapt  a  sound  cork, 
through  which  a  short  piece  of  tube,  g^  about  one-third  of  an  inch  in 
diameter  is  passed.  Now  weigh  the  tube  and  its  contents.  Connect 
the  tube  g  with  a  piece  of  flexible  tubing,  c,  to  an  aspirator  jar,  d, 
filled  with  water  ;  open  the  stopcock,  e,  and  let  the  water  flow. 
The  water  cannot  escape  at  e  till  its  place  is  supplied  by  atmospheric 
air  j  and  since  the  aspirator_,  through  the  tube  c,  is  connected  with 
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A  B,  which  at  b  communicates  freely  with  the  atmosphere^  a  current 
of  air  is  established  through  a  b.  Now  withdraw  the  cork  b_,  light 
the  taper^  and  quickly  replace  it  in  the  tube ;  in  about  three  minutes 
time  close  the  stopcock  of  the  aspirator ;  the  taper  is  instantly 
extinguished.  Detach  the  tube  c,  and  when  cold,  the  glass,  a  b,  will 
weigh  several  grains  heavier  than  before. 

At  the  ordinary  temperature  of  the  atmosphere  oxygen  fre- 
quently enters  slowly  into  combination  without  any  perceptible 
disengagement  of  heat,  as  when  a  bar  of  iron  is  gradually  rusting 
in  the  air.  In  other  instances,  where  the  process  is  more  rapid,  the 
heat  accumulates,  and  sometimes  it  rises  high  enough  to  cause  the 
materials  to  burst  into  flame,  producing  what  are  called  cases  of 
spontaneous  combustion.  Charcoal  that  has  been  reduced  to  fine 
powder  preliminary  to  the  manufacture  of  gunpowder,  and  which 
off'ers  a  large  surface  to  the  air,  occasionally  exhibits  this  pheno- 
menon ;  and  it  is  still  more  often  manifested  when  tow  that  has  been 
used  for  wiping  machinery  lubricated  with  oil  is  laid  aside  in  heaps. 
The  oil  when  spread  over  so  large  a  surface,  absorbs  oxygen  rapidly, 
and  the  temperature  goes  on  rising  until  the  mass  bursts  into  flame. 

The  more  the  oxygen  is  diluted,  whether  by  diminution  of 
pressure,  or  by  mixture  with  a  gas  which  does  not  chemically  act 
upon  it,  as  with  the  nitrogen  of  the  atmosphere,  the  less  elevated 
is  the  temperature  which  is  produced  in  a  given  time  by  combus- 
tion, because  fewer  particles  are  in  contact  with  the  burning  body, 
and  the  more  slowly,  in  consequence,  does  the  operation  proceed. 
The  activity  of  the  combustion  is  greatly  increased  by  increasing 
the  number  of  particles  of  oxygen  which  are  brought  in  a  given 
time  into  contact  with  the  combustible,  and  by  carrying  away  the 
gaseous  products  of  combustion  which  are  incapable  of  combining 
with  the  fuel,  and  which,  if  suffered  to  accumulate,  would  cut  off"  the 
supply  of  fresh  oxygen ;  in  this  way  the  action  of  the  smithes  bellows 
and  the  blowing  machine  of  the  blast  furnace  may  be  explained. 
The  influence  of  a  long  chimney  in  producing  a  powerful  heat  in  the 
furnace  at  its  base  is  similar ;  whilst  the  effect  of  diminishing  the 
supply  of  air  by  closing  the  damper,  or  shutting  the  door  of  the 
ash-pit  is  seen  in  the  diminished  temperature,  and  reduced  consump- 
tion of  fuel  which  occurs  under  such  circumstances. 

It  is,  however,  important  to  remark  that  the  quantity  of  heat 
emitted  during  the  combination  of  a  given  quantity  of  oxygen  is 
definite,  and  is  dependent  in  part  upon  the  chemical  nature  of  the 
burning  body,  but  it  is  independent  of  the  rate  at  which  the  com- 
bustion is  effected. 
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The  act  of  respiration  in  animals,  during  which  the  oxygen 
of  the  air  is  brought  into  contact  with  the  blood  through  the 
agency  of  the  lungs,  is  attended  with  a  slow  change,  analogous  to 
combustion,  and  is  accompanied  by  extrication  of  heat;  an  oxi- 
dation of  part  of  the  constituents  of  the  blood  occurs,  and  at  the  same 
time  the  colour  of  the  blood  is  changed  from  a  dusky  purple  to 
bright  crimson. 

All  bodies  may,  with  reference  to  combustion,  be  arranged 
under  one  of  three  classes.  The  first  class  consists  of  bodies  which, 
like  oxygen,  allow  other  substances  to  bum  in  them  freely,  but. 
which  cannot  themselves,  in  ordinary  language,  be  set  on  fire  :  these 
are  termed  supporters  of  combiistion.  The  second  class  consists  of 
bodies  which,  like  charcoal,  actually  burn,  when  sufficiently  heated 
in  a  gas  belonging  to  the  first  class :  these  substances  are .  termed 
combustibles.  The  third  class  embraces  such  bodies  as  will  neither 
burn  themselves  nor  support  the  combustion  of  others  ;  they  may 
be  made  red  hot,  but  do  not  burn ;  sand,  iron-rust,  and  earthy 
bodies  in  general  are  examples  of  this  kind  :  they  are  for  the  most 
part  compounds  that  have  at  some  time  or  other  been  produced  by 
combustion ;  that  is,  they  are  bodies  that  have  been  already  bm'ned, 
and  are  no  longer  fitted  to  undergo  this  change. 

The  compounds  which  oxygen  forms  with  other  elements  are 
in  chemical  language  termed  oxides,  and  a  body  which  has  com- 
bined with  oxygen  is  said  to  be  oxidized.  The  number  and  variety 
of  these  compounds  are  very  great,  for  oxygen  is  the  most  widely 
diff'used  and  abundant  of  the  elements.  It  constitutes  about  a 
fifth  in  bulk  of  the  atmosphere ;  it  forms  eight-ninths  of  all  the 
water  on  the  globe,  and  it  is  not  less  extensively  met  with  amongst 
the  solid  constituents  of  the  earth :  silica,  in  all  its  varieties  of 
sand,  flint,  quartz,  rock  crystal,  &c. — chalk,  limestone,  and  marble — 
and  all  the  various  forms  of  clay,  each  contain  about  half  their  weight 
of  oxygen.  In  the  forms  of  animal  and  vegetable  life  it  is  also 
equally  generally  diffused ;  it  is  indeed  absolutely  essential  to  the 
maintenance  of  the  vital  functions  in  both  ;  and  although  not  the 
only  body  which  is  fitted  to  support  combustion,  it  is,  from  its  exist- 
ence in  the  atmosphere,  the  element  which,  in  the  vast  majority  of 
cases  maintains  combustion  on  the  surface  of  our  planet. 

(287)  Varieties  of  Oxides. — Amongst  the  varied  compounds 
formed  by  oxygen  it  is  remarkable  that  there  exist  two  classes 
which  are  in  chemical  properties  directly  opposed  to  each  other. 
Many  substances,  like  phosphorus,  by  their  combination  with 
oxygen,  yield  a  compound  which  dissolves  freely  in  water,   has  a 
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sour^  burning  taste,  and  turns  many  vegetable  blue  colours,  such 
as  the  blue  of  an  infusion  of  litmus  or  of  purple  cabbage,  to  a  bright 
red,  and  which,  in  short,  possesses  the  characters  of  an  acid. 

The  name  oxygen  (from  o^vq,  sour,  and  y^vvaM,  to  produce,) 
or  '  producer  of  acids,^  was  given  to  the  element  from  the  circum- 
stance of  its  entering  into  the  formation  of  bodies  which  in  so  great 
a  number  of  cases  possess  the  acid  character.  All  the  elements 
which  are  not  metallic,  with  the  exception  of  hydrogen  and  of 
fluorine,  form  with  oxygen  one  or  more  acid  compounds.  Most  of 
the  metals,  however,  by  their  union  with  oxygen,  give  rise  to  bodies 
of  an  opposite  kind,  which  have  been  termed  bases.  Potassium, 
for  example,  when  burned  in  oxygen,  furnishes  a  white  alkaline 
substance,  which  dissolves  rapidly  in  water,  and  produces  a  colourless 
liquid,  of  a  soapy  disagreeable  taste,  and  a  peculiar  lixivial  smell ; 
it  has  a  caustic  action  on  the  skin,  restores  the  blue  colour  to 
litmus  which  has  been  reddened  by  an  acid,  and  it  completely 
neutralizes  the  strongest  acids.  Other  metals  form  oxides,  which 
though  not  soluble  in  water,  nevertheless  preserve  their  basic 
character,  and  saturate  the  acids  perfectly.  Oxide  of  iron,  for 
instance,  dissolves  in  sulphuric  acid,  and  forms  with  it  a  crystal- 
line salt.  It  is  found  that  when  an  element  combines  with  oxygen 
to  form  an  acid  it  unites  with  a  larger  number  of  equivalents  of 
oxygen  than  when  a  base  is  the  result  of  the  combination. 

Intermediate  between  the  acids  and  bases  is  a  third  class  of  oxides, 
which  are  indisposed  to  enter  into  combination  with  either.  The 
black  oxide  of  manganese  (Mn02),  the  magnetic  oxide  of  iron  (FeO, 
FcgOg),  and  red  lead  (2PbO,  PbOg),  may  be  mentioned  as  instances 
of  this  kind :  such  oxides  are  often  produced  by  the  union  of  two 
other  oxides  with  each  other. 

The  oxidation  of  the  metals  has  been  observed  to  take 
place  much  more  rapidly  in  a  moist  than  in  a  dry  atmosphere. 
A  bar  of  polished  iron  will  remain  in  dry  air  unchanged  for  any 
length  of  time,  but  if  moisture  be  present  it  will  quickly  become 
rusty ;  the  oxide  of  iron  in  this  case  combines  with  the  water  which 
it  absorbs  from  the  air.  In  the  case  of  iron,  the  oxidation  continues 
to  spread  through  the  entire  mass  of  the  metal;  but  in  other 
instances,  as  occurs  with  lead  and  zinc,  a  superficial  coat  of  oxide  is 
formed,  which  adheres  firmly  to  the  surface,  and  protects  the  metal 
beneath  from  further  change. 

(288)  Ozone. — When  a  succession  of  electric  sparks  is  trans- 
mitted through  atmospheric  air  or  through  dry  oxygen,  a  peculiar 
odour  is  perceived,  which  has  by  some  been  compared  to  that  of 
weak  chlorine.     To  the  body  which  produces  it  Schoenbein  gave 
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the  name  of  ozone ^  from  the  circumstance  of  its  possessing  a  powerful 
odour.  Opinions  upon  the  cause  of  this  odour  were  long  divided ; 
but  it  has  at  length  been  proved,  by  the  concurrent  observations  of 
several  accurate  experimentalists,  to  be  owing  to  a  modification 
produced  in  oxygen  itself,  by  which  it  is  made  to  assume  a  more 
active  condition.  One  of  the  easiest  methods  of  exhibiting  this 
phenomenon  consists  in  transmitting  a  current  of  pure  dry  oxygen 
through  a  tube  into  which  a  pair  of  platinum  wires  is  sealed, 
with  the  points  at  a  little  distance  apart.  On  transmitting  a 
succession  of  electric  sparks  through  the  stream  of  gas  as  it  issues, 
the  peculiar  odour  of  ozone  is  immediately  developed.  Notwith- 
standing the  powerful  smell  thus  produced,  a  minute  portion 
only  of  the  oxygen  undergoes  this  change.  The  following  are 
some  of  the  characters  which  are  exhibited  by  the  altered  por- 
tion:— 

Ozone  is  insoluble  in  water,  and  in  solutions  either  of  acids  or 
alkalies.  It  possesses  considerable  bleaching  powers,  acts  rapidly 
as  a  powerful  oxidizing  agent,  and  corrodes  organic  matters,  such 
as  the  cork  or  caoutchouc  used  in  connecting  the  different  parts  of 
the  apparatus  together :  fragments  of  iron,  of  copper,  and  even  of 
silver  when  moistened,  rapidly  absorb  ozone  and  become  converted 
on  their  surface  into  oxides ;  silver  even  becomes  a  peroxide,  though 
this  metal  is  wholly  unchanged  by  ordinary  oxygen.  Ozone  displaces 
iodine  from  its  combinations  with  the  metals,  setting  the  iodine  at 
liberty ;  indeed,  this  reaction  is  so  easily  produced  that  it  fur- 
nishes the  readiest  and  most  delicate  method  of  detecting  the 
presence  of  traces  of  ozone  in  the  air ;  a  slip  of  paper  moistened 
with  starch  and  iodide  of  potassium,  and  inserted  into  a  vessel  con- 
taining the  smallest  admixture  of  ozone,  becomes  blue  from  the 
action  of  the  liberated  iodine,  which  immediately  unites  with  the 
starch,  and  forms  the  blue  iodide  of  starch  which  is  so  cha- 
racteristic of  iodine.  Paper  soaked  in  solution  of  sulphate  of 
manganese  (MnO,  SO3)  likewise  shows  the  presence  of  ozone  by 
becoming  brown,  owing  to  the  manganese  which  exists  as  protoxide 
in  the  sulphate  assuming  an  additional  equivalent  of  oxygen,  and 
becoming  converted  into  the  peroxide.  If  the  paper  be  stained 
black  with  sulphide  of  lead  (Pb  S),  this  stain  will  gradually  disappear; 
both  the  sulphur  and  the  lead  will  absorb  the  ozone,  or  active 
oxygen,  and  a  white  sulphate  of  lead  (PbO,  SO3)  will  be  formed. 
One  of  the  most  singular  circumstances  connected  with  ozone  is  the 
effect  of  heat  upon  it.  A  temperature  not  much  higher  than  that 
of  boiling  water  is  sufficient  to  destroy  all  its  active  character.  By 
placing  the  flame  of  a  spirit  lamp  so  as  to  heat  a  part  of  the  tube 
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through  which  the   electrified  oxygen  escapes^  all  signs  of  ozone 
disappear. 

Ozone  may  be  obtained  without  the  aid  of  electricity.  If  a 
stick  of  clean  phosphorus,  moistened  with  a  few  drops  of  water,  be 
placed  in  a  bottle  of  atmospheric  air,  the  slow  oxidation  of  the 
phosphorus  is  attended  with  the  production  of  ozone  :  in  an  hour 
or  two  this  attains  its  maximum.  If  the  phosphorus  be  not  then 
removed,  the  ozone  by  degrees  disappears,  owing  to  its  combination 
with  the  phosphorus.  It  is  also  probable  that  ozone  is  formed  in 
other  slow  oxidations,  such  as  that  of  ether,  and  of  oil  of  turpentine. 
The  cause  of  this  change  in  the  properties  of  the  oxygen  in  these 
cases  is  unknown.  It  was  supposed  that  the  peculiar  odour  which 
is  frequently  observed  in  oxygen  obtained  by  the  voltaic  decomposi- 
tion of  acidulated  water  was  due  to  ozone ;  but  Baumert  (Poggen- 
dorff^s  Annal.  Ixxxix.  38)  seems  to  have  shown  that  it  arises  not 
from  oxygen,  but,  as  supposed  by  Schonbein,  from  a  volatile 
peroxide  of  hydrogen  (probably  HO3). 

§  II.  Nitrogen. 

Symbol,  N;  Equivalent,  14;   Combining  Volume,  2;  Specific 
Gravity,  0*97 13. 

(289)  It  has  already  been  observed  that  the  larger  proportion 
of  the  atmosphere  consists  of  a  gaseous  body,  named  nitrogen, 
which  is  incapable  of  supporting  life.  It  is  a  colourless,  tasteless, 
and  inodorous  gas,  which  as  yet  has  resisted  every  effort  to  liquefy 
it.  Nitrogen  is  somewhat  lighter  than  atmospheric  air,  having  a 
specific  gravity  of  0*97 1 3.  Calculating  from  Regnault's  experiments, 
100  cubic  inches  at  60°  F.  Bar.  30  in.,  weigh  30-119  grains.  Water 
dissolves  not  more  than  ^oth  of  its  bulk  of  this  gas  at  ordinary 
temperatures,  100  cubic  inches  of  water  absorbing  about  22  cubic 
inches  of  nitrogen.  No  two  substances  can  offer  a  more  striking 
contrast  in  chemical  properties  than  oxygen  and  nitrogen  :  the  one 
the  most  energetic  of  the  elements,  the  other  the  most  indifferent. 
Though  it  extinguishes  a  taper  without  taking  fire  itself,  and  though 
an  animal  immersed  in  the  undiluted  gas  quickly  perishes  for  want 
of  oxygen,  it  is  not  directly  poisonous  ;  indeed,  it  enters  as  a  neces- 
sary component  into  the  animal  frame,  and  with  every  act  of 
inspiration,  it  finds  admission  into  the  lungs.  One  very  important 
purpose  that  it  fulfils  is  the  dilution  of  the  oxygen,  which  is  rendered 
thereby  less  stimulating  to  the  living  system,  and  the  rapidity  of 
ordinary  combustion  is  likewise  thereby  moderated.  It  is  indeed 
one  of  the  most  extensively  diffused  forms  of  matter,  as  must  be 
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evident  from  the  facts  just  stated ;  and  notwithstanding  its  apparent 
indisposition  to  enter  into  combination,  nitrogen  forms  a  number  of 
highly  interesting  and  important  compounds.  In  combination  with 
oxygen,  it  forms  nitric  acid,  which  exists  as  a  natural  production 
when  united  with  potash  and  soda  in  the  nitrates  of  those  bases ; 
it  is  the  characteristic  ingredient  in  ammonia ;  and  though  it 
occurs  in  but  small  quantity  in  plants,  it  is  rarely  if  ever  entirely 
absent  from  them.  In  many  of  the  most  potent  and  valuable 
medicines,  such  as  quinia  and  morphia,  as  well  as  in  some  of  the 
most  dangerous  poisons,  as  prussic  acid  and  strychnia,  nitrogen 
constitutes  an  essential  part. 

Preparation.  —  The  most  convenient  methods  of  preparing 
nitrogen  are  based  upon  the  removal  of  oxygen  from  atmospheric 
air.  The  simplest  plan  consists  in  placing  a  few  fragments  of 
phosphorus,  dried  by  means  of  blotting  paper,  on  a  porcelain  dish, 
which  is  floated  upon  the  surface  of  the  water  of  the  pneumatic 
trough ;  the  phosphorus  is  ignited  by  touching  it  with  a  hot  wire 
and  a  glass  receiver  filled  with  air  is  then  inverted  over  it.  The 
phosphorus  burns  at  the  expense  of  the  oxygen  in  the  confined  air, 
and  being  partially  converted  into  vapour  by  the  heat  which 
attends  the  combustion,  is  diffused  through  the  gas,  and  thus 
quickly  searches  out  and  combines  with  every  portion  of  oxygen  : 
when  cold,  the  nitrogen  may  be  decanted  into  another  jar  and 
examined.  The  removal  of  oxygen  from  the  air  may  also  be 
effected  more  slowly  in  various  ways ;  a  stick  of  phosphorus  will, 
if  introduced  into  a  jar  of  air  which  is  standing  over  water,  slowly 
absorb  the  oxygen,  and  in  two  or  three  days  about  four-fifths  of  the 
original  bulk  of  the  air,  consisting  of  nitrogen  nearly  pure,  will  be 
left.  Moistened  iron  filings  produce  a  similar  result,  the  metal 
gradually  becoming  oxidized,  as  is  seen  by  the  rusty  appearance 
which  it  assumes.  When  larger  quantities  of  nitrogen  are  required, 
metallic  copper  may  be  employed  to  absorb  the  oxygen.  The 
method  to  be  adopted  in  this  case  is  exhibited  in  fig  229.  c  repre- 
sents a  long  straight  tube  of  hard  glass,  which  will  resist  a  strong 
heat  without  fusion ;  it  is  filled  with  metallic  copper  in  a  finely 
divided  state ;  for  this  purpose  the  metal  which  has  been  reduced 
from  the  powdered  oxide  by  means  of  hydrogen  gas  is  well 
adapted.  The  tube  c  rests  on  a  sheet-iron  furnace,  c?,  in  which  it 
can  be  surrounded  by  charcoal  and  raised  to  a  red  heat ;  e  is  a  bent 
tube  for  delivering  the  gas  into  a  jar  over  water  or  mercury ;  the 
other  extremity  of  the  tube  c  is  connected  with  a  bent  tube,  b, 
filled  with  fragments  of  fused  caustic  potash,  and  the  air  which 
supplies  the  nitrogen  is  driven  from  tlie  gas-holder,  a,  over  the 
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ignited  copper  in  a  stream  whicli  is  easily  regulated  by  the  stop- 
cock, /.      The  air  is  first  driven   over  the  fused   potash,  where  it 

Fig.  229. 


leaves  all  traces  of  carbonic  acid  and  of  moisture,  it  then  passes 
through  the  ignited  copper,  by  which  every  portion  of  oxygen  is 
completely  removed.  Nitrogen  may  also  be  obtained  by  the 
action  of  chlorine  on  a  solution  of  ammonia  (325),  and  it  is 
furnished  in  a  state  of  equal  purity  by  heating  the  nitrite  of  am- 
monia (311). 


§  III.  Composition  of  the  Atmosphere. 

(290)  If  a  mixture  be  made  of  4  measures  of  nitrogen  and  i 
measure  of  oxygen  gas,  a  candle  will  burn  in  it  as  in  atmospheric 
air;  it  may  be  breathed  as  air,  and  in  fact  possesses  the  ordinary 
properties  of  the  air.  The  atmosphere  is  in  short  a  mechanical 
mixture  of  several  gases,  amongst  which  oxygen  and  nitrogen  con- 
stitute the  principal  portion,  and  which,  notwithstanding  their 
difference  in  density,  are,  owing  to  the  principle  of  diffusion  (64), 
uniformly  mixed  with  each  other.  Chemical  operations  are  con- 
tinually occurring  upon  the  eartFs  surface,  which  remove  oxygen 
and  add  a  variety  of  other  gases,  amongst  which  carbonic  acid  is 
the  most  abundant.  Yet  so  beautifully  adjusted  is  the  balance  of 
chemical  actions  over  the  face  of  the  earth,  that  no  perceptible 
change  in  the  composition  of  the  atmosphere  has  been  observed 
since  accurate  experiment  on  the  subject  has  been  practised. 

Air  which  has  been  freed  from  carbonic  acid  and  aqueous  vapour 
consists,  according  to  the  numerous  careful  analyses  of  Dumas  and 
Boussingault,  on  an  average  of  20*81  of  oxygen  by  measure,  and 
76'99  of  nitrogen  in  1 00*00  parts,  or  by  w^eight  of  23*01  of  oxygen, 
and  79*19  of  nitrogen.    These  experiments  were  performed  by  allow- 
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ing  the  air  to  stream  slowly  over  a  weighed  quantity  of  heated 
copper,  whereby  the  oxygen  was  absorbed  (fig.  229)  whilst  the  nitro- 
gen was  received  into  an  exhausted  flask,  which  was  weighed  before 
the  experiment  was  commenced  and  after  its  termination  ;  the  quan- 
tity of  oxygen  was  found  by  the  gain  in  weight  experienced  by  the 
tube  containing  the  copper.  The  results  obtained  by  Regnault, 
Brunner,  Verver,  and  others,  by  different  methods  of  analysis  do 
not  vary  more  than  swo  from  the  quantity  of  oxygen  just  mentioned ; 
trifling  temporary  variations  no  doubt  occur  from  local  causes ;  but 
the  air  brought  by  Gay  Lussac  from  an  elevation  of  four  miles  above 
the  surface  of  the  earth,  that  collected  on  the  summit  of  the  Alps, 
and  that  examined  both  in  tow^n  and  country  in  various  parts  of  the 
globe,  present  no  sensible  difference  from  the  mean  above  given.* 

100  cubic  inches  of  dry  air  weigh,  at  60°  F.  and  30  inches  Bar., 
calculating  from  the  experiments 

of  Biot  and  Arago 31*074    grs. 

of  Dumas  and  Boussingault       ....  31  "086      „ 

ofRegnault 3^'935      » 

of  Dr.  Prout 310117    „ 

The  first  result  is  probably  the  most  accurate,  as  it  exactly 
corresponds  with  the  density  deduced  from  that  of  a  mixture  of 
oxygen  and  nitrogen  in  the  proportions  in  which  they  occur  in  the 
atmosphere.      The   weight  of  a  given   volume  of  air   at   60°   F., 


*  A  portion  of  air  collected  by  Mr.  Welsh,  in  August,  1852,  at  an  eleva- 
tion of  18,000  feet,  in  one  of  the  balloon  ascents  undertaken  by  him  and 
Mr.  Green  under  the  direction  of  the  Kew  Committee  of  the  British  Associa- 
tion, contained  20*88  per  cent,  of  oxygen  by  volume,  while  air  collected  at  the 
surface  at  the  same  time  contained  20-92.  The  air  \^as  collected  in  tubes  of 
about  6  cubic  inches  in  capacity,  fitted  with  accurate  stopcocks.  They  were 
exhausted  previous  to  the  ascent,  and  were  filled  with  the  air  for  examination 
by  opening  the  stopcocks,  which  were  again  closed  as  soon  as  the  charge  had 
entered.  In  the  extensive  series  of  experiments  of  M.  Regnault  [Ann.  de 
Chimie,  III.,  xxxvi.  385),  air  was  collected  at  different  points  of  the  earth's 
surface  in  glass  tubes,  drawn  out  to  an  open  capillary  extremity  at  either  end, 
fig.  230.     When  a  specimen  of  air  was  to  be  collected,  one  of  these  tubes  was 

Fig.  230. 


attached  by  a  flexible  tube  to  a  small  pair  of  bellows,  and  by  working  the 
bellows  a  few  times,  the  tube  was  filled  with  air  of  the  locality.  The  capillary 
tubes  were  then  drawn  off  and  sealed,  as  at  a  and  b,  by  momentary  contact 
with  the  flame  of  a  spirit-lamp,  and  the  closed  ends  were  protected  from 
injury  during  the  journey  by  small  caps  of  glass  tube  fitted  with  corks.  The 
analyses  of  the  air  thus  obtained  were  executed  by  means  of  hydrogen,  in  an 
eudiometer  of  llegnault's  contrivance.  The  same  apparatus  was  used  by 
myself  in  the  analyses  of  the  air  collected  by  Mr.  Welsh. 
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under  a  pressure  of  30  inclies  Bar.,  is  therefore  only  ftit  of  that  of 
an  equal  bulk  of  water  at  the  same  temperature.  Owing  to  the 
greater  solubility  of  oxygen  than  of  nitrogen,  rain  water  and  melted 
snow  always  contain  a  larger  proportion  of  oxygen  than  the  air 
itself,  amounting  to  about  34  per  cent,  of  the  air  dissolved,  or  nearly 
3  parts  of  nitrogen  to  one  part  of  oxygen.  This  is  a  circumstance 
of  great  importance  to  aquatic  animals,  and  one  which  could  occur 
only  in  consequence  of  the  air  being  a  mechanical  mixture  and 
not  a  chemical  compound  of  the  two  gases.  In  addition  to  oxygen 
and  nitrogen  the  atmosphere  contains  a  certain  proportion  of  car- 
bonic acid;  a  variable  but  minute  trace  of  ammonia;  traces  of 
nitric  acid  and  of  some  compound  of  carbon  and  hydrogen,  and 
frequently  in  towns  a  perceptible  amount  either  of  sulphurous  acid  or 
of  sulphuretted  hydrogen.  Aqueous  vapour  is  of  course  also  present 
at  all  times,  although  its  amount  is  liable  to  extensive  fluctuations. 
The  amount  of  aqueous  vapour  at  any  spot  may  be  ascertained 

by   means  of  the 
^iG.  231.  hygrometer  (181), 

or  it  may  be  deter- 
mined by  a  direct 
experiment  in  the 
following  manner. 
A  bent  tube,  a,  fig. 
231,  filled  with 
pumice  stone  mois- 
tened with  sul- 
phuric acid,  is  con- 
nected with  a 
vessel,  E,  of  known 
capacity ;  suppose 
it  be  capable  of 
containing  18  gal- 
lons of  water.  This 
vessel  having  been  filled  with  water,  is  allowed  slowly  to  empty 
itself  by  opening  a  stopcock,  /,  which  terminates  in  a  tube 
bent  upwards  to  prevent  the  entrance  of  air  at  the  bottom ; 
a  known  volume  of  air  is  thus  drawn  through  the  tube  «, 
which  retains  all  the  moisture.  If  the  weight  of  this  tube 
be  determined  before  commencing  the  experiment,  and  a  second 
time  after  it  is  completed,  the  increase  in  weight  will  indicate 
the  amount  of  moisture  in  the  bulk  of  air  operated  upon.  The 
temperature  is  ascertained  by  means  of  the  thermometer,  t^  and 
the  atmospheric   pressure   is   obtained  by  an   observation   of  the 
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barometer  at  the  time.  The  flow  of  water  from  the  aspirator  is 
rendered  uniform  during  the  whole  course  of  the  experiment,  by 
making  the  tube  which  conveys  the  air  sufficiently  long  to  reach 
nearly  to  the  bottom  of  the  vessel,  as  shown  by  the  dotted  line 
which  passes  down  from  the  central  opening  at  the  top. 

The  quantity  of  carbonic  acid  in  the  air  may  be  determined 
in  the  course  of  the  same  experiment.  If  the  bulbs  at  b  be  filled 
with  a  strong  solution  of  caustic  potash  (sp.  gr.  i'25),  and  the 
tube  Cy  with  fragments  of  fused  potash,  the  gain  in  weight  which 
is  experienced  by  the  tubes  b,  and  c,  will  indicate  the  quantity  of 
carbonic  acid  which  has  been  absorbed  in  the  operation  :  the  bent 
tube  d,  is  filled  Avith  pumice-stone  moistened  with  sulphuric  acid; 
it  is  not  weighed,  but  is  merely  interposed  as  a  measure  of  pre- 
caution between  the  aspirator  e,  and  the  tube  c,  to  prevent  any 
accidental  trace  of  moisture  from  passing  backwards  into  c.  The 
bulbs  seen  at  b,  are  to  be  filled  with  potash  to 
the  extent  shown  in  the  enlarged  drawing,  fig.  ^i^}.  232. 

233.  This  form  of  apparatus  was  contrived  by 
Liebig.  It  is  in  continual  requisition  in  the 
laboratory,  for  the  purpose  of  absorbing  gases 
which  are  transmitted  through  it ;  by  placing 
it  a  little  on  one  side,  the  gas  is  made  to  bubble 
up  successively  through  each  of  the  three  lower 
bulbs,  besides  being  brought  thoroughly  into 
contact  with  the  liquid  in  the  narrow  portions  of 
tubing  which  connect  the  different  bulbs  together. 
This  simple  contrivance  has  added  greatly  to  pre- 
cision in  experiments  of  this  kind. 

The  quantity  of  the  other  components  of  the  atmosphere 
is  materially  diminished  after  long  continued  and  heavy  rains. 
Occasionally,  from  local  and  accidental  circumstances,  other  gases 
and  vapours  are  also  met  with.  The  average  composition  of  the 
atmosphere  in  the  climate  of  England,  may  however,  be  stated 
as  follows,  in  100  parts  by  volume. 

Oxygen 20*61 

Nitrogen 77'95 

Carbonic  acid -04 

Aqueous  vapour 1-40 

Nitric  acid \ 

Ammonia I  traces 

Carburetted  hydrogen  .  .  .  .) 
and  in  (Sulphuretted  hydrogen  .  .  .  .] 
towns     I^Sulphm'ous  acid J 
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CHAPTER  III. 

WATEE.    HYDEOGEN. 

§   I.  Water. 

Symbol   (HO) ;  Equivalent   9 ;  Combining    Volume  as  Vapour ,  1 ; 
Specific  Gravity  as  Vapour  o'6^2,  as  Liquid,  I'ooo. 

(291)  On  the  uses  of  water  it  is  almost  needless  to  enlarge,  they 
are  universally  felt  and  appreciated.  In  each  of  its  three  physical 
conditions,  the  blessings  it  confers  upon  man  are  inestimable.  As 
ice  it  furnishes  in  northern  lands  for  months  together,  a  solid 
bridge  of  communication  between  distant  places :  in  the  liquid 
condition,  it  is  absolutely  necessary  to  the  existence  of  vegetable 
and  animal  life ;  in  this  shape,  too,  it  furnishes  to  man  a  continual 
source  of  power  in  the  flow  of  streams  and  rivers ;  it  supplies  one 
of  the  most  convenient  channels  of  communication  between  places 
widely  separated;  and  further  it  is  the  storehouse  of  countless 
myriads  of  creatures  fitted  for  use  as  food :  in  the  state  of  vapour, 
as  applied  in  the  steam  engine,  it  has  furnished  a  power  which 
has  in  later  years  done  more  than  any  other  physical  agent  to 
advance  civilization,  to  economize  time,  and  to  ameliorate  the 
social  condition  of  man.  In  each  and  all  of  these  points  if 
rightly  considered,  we  must  perceive  the  entire  adaptation  of  this 
wonderful  compound  to  the  ends  which  it  was  designed  by  the 
Creator  to  fulfil. 

It  may  further  be  observed  that  there  is  no  form  of  matter 
which  contributes  so  largely  to  the  beauty  and  variety  of  the  globe 
we  inhabit.  In  its  solid  state  we  are  familiar  with  it  in  the  form 
of  blocks  of  ice,  of  sleet  and  hail,  of  hoar  frost  fringing  every  shrub 
and  blade  of  grass,  or  of  snow  protecting  the  tender  plant  as  with  a 
fleecy  mantle,  from  the  piercing  frosts  of  winter.  The  rare  but 
splendid  spectacles  of  mock  suns,  or  parhelia,  are  due  to  the  refractive 
power  of  floating  spiculae  of  ice  upon  the  sun^s  rays.  In  its  liquid 
condition,  as  rain  or  dew,  it  bathes  the  soil :  and  the  personal  expe- 
rience of  aU  will  testify  to  the  charm  which  the  waterfall,  the 
rivulet,  the  lake,  or  the  stream  adds  to  the  beauty  of  the  landscape ; 
whilst  few  can  behold  unmoved  the  unbounded  expanse  of  ocean ; 
which  whether  motionless,  or  heaving  with  the  gently  undulating 
tide,  or  when  lashed  into  foam  by  the  storm  that  sweeps  over  its 
surface,  seems  to  remind  man  of  his  own  insignificance,  and  of  the 
power  of  Him  who  alone  can  lift  up  or  quell  its  boiling  vvavcs.      In 


GENERAL    PROPERTIES    OF    WATER.  457 

vapour  how  much  variety  is  added  to  the  view  by  the  mist  or  the 
cloud;  which  by  their  ever-changing  shadows  diversify,  at  every 
movement,  the  landscape  over  which  they  are  ^flitting ;  whilst  the 
gorgeous  hues  of  the  clouds  around  the  setting  sun,  and  the  glow- 
ing tints  of  the  rainbow,  are  due  to  the  refractive  action  of  water 
and  watery  vapour  upon  the  solar  rays. 

At  the  ordinary  temperature  of  the  air,  when  free  from  admix- 
ture, water  is  a  clear,  colourless,  transparent  liquid,  destitute  of 
taste  or  smell.  At  temperatures  below  32°  F.  it  freezes,  and 
assumes  a  variety  of  crystalline  forms  derived  from  the  rhombo- 
hedron  and  six-sided  prism.  Water  evaporates  at  all  temperatures, 
and  under  the  ordinary  pressure  of  the  atmosphere  it  boils  at  about 
212°  F.  Its  anomalous  expansion  by  heat  (137)^  and  the  important 
purposes  thereby  attained  (145),  and  the  great  dilatation  which  it 
undergoes  on  freezing  (73),  have  been  already  pointed  out.  Arago 
and  Fresnel  have  shown,  that  notwithstanding  the  gradual  dilatation 
of  water  at  temperatures  below  40°,  its  refractive  power  on  light  con- 
tinues regularly  to  increase  as  though  it  contracted.  Its  density  at 
60°  F.  is  taken  as  i  "ooo,  and  it  forms  the  standard  with  which,  in  this 
country,  all  solids  and  liquids  are  compared.  A  cubic  inch  of 
water  at  60°  F.  weighs  in  air  252*456  grains. 

To  the  chemist  water  is  invaluable  as  a  solvent.  It  is  the 
perfection  of  a  neutral  substance;  and  it  enters  into  combination 
most  extensively  botii  with  acids  and  with  bases.  Experience  has 
shown  that  when  an  acid  has  once  been  allowed  to  combine  with 
water,  the  entire  separation  of  the  water  from  the  acid  is  seldom 
practicable,  unless  some  powerful  base  be  presented  to  the  acid ;  in 
such  a  case  the  base  displaces  the  water,  and  its  expulsion  by  heat 
is  then  easily  effected.  Suppose,  for  example,  that  sulphuric  acid 
has  been  freely  diluted  with  water ;  upon  the  application  of  heat  the 
water  at  first  passes  ofiP  readily,  leaving  the  less  volatile  acid  behind. 
By  degrees,  however,  it  becomes  necessary  to  increase  the  tempe- 
rature in  order  to  expel  the  water,  and  at  last  the  acid  begins  to 
evaporate  also,  and  finally  no  further  separation  can  be  effected,  as, 
when  the  temperature  rises  to  about  620°  F.  both  water  and  acid 
distil  over  together.  It  is  found  on  analysing  the  acid  when  it 
has  reached  this  point,  that  the  liquid  contains  one  equivalent 
of  acid  and  one  of  water  (HO,  SO3).  But  if  to  this  concentrated  acid 
an  equivalent  of  potash,  or  one  of  oxide  of  lead,  be  added,  the  water 
is  easily  expelled,  and  an  equivalent  of  anhydrous  sulphate  of  potash 
(KO,  SO3)  or  of  sulphate  of  lead  (PbO,  SO3),  is  obtained.  Water 
which  supplies  the  place  of  a  base  in  combination  with  acids,  is 
called  basic  water. 
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In  a  similar  manner  water  combines  with  the  powerful  bases, 
such  as  potash  or  soda,  and  then  cannot  be  expelled  from 
them  until  some  acid  has  been  added.  Potash  in  the  form  in 
which  it  is  obtained  by  evaporating  down  its  aqueous  solution  and 
heating  the  residue  to  dull  redness,  consists  of  one  equivalent  of 
the  alkali  and  one  of  water  (KO,  HO),  and  this  equivalent  of  water 
cannot  be  expelled  except  by  the  addition  of  an  acid,  such  as  sul- 
phuric acid;  then  by  the  application  of  heat,  anhydrous  sulphate 
of  potash  is  obtained  as  in  the  former  instance.  In  this  case 
the  water  in  combination  performs  the  part  of  an  acid. 

The  compounds  of  water  are  frequently  termed  hydrates,  and 
when  a  body  is  described  as  being  entirely  free  from  water  in  com- 
bination, it  is  commonly  said  to  be  anhydrous.  Many  salts  in 
crystallizing  iinite  with  a  definite  quantity  of  water,  which  is  essential 
to  the  form  of  the  salt,  but  which  may,  by  the  application  of  a 
gentle  heat,  be  expelled  without  altering  the  chemical  properties 
of  the  saline  body.  In  this  case  the  water  is  spoken  of  as  water  of 
crystallization.  Many  salts  part  with  such  water  by  mere  expo- 
sure to  air.  Carbonate  of  soda,  for  example,  crumbles  down,  or 
effloresces  to  a  white  powder;  and  the  same  thing  occurs  in  the 
case  of  sulphate  of  soda.*  The  form  of  the  salt  depends  upon  the 
quantity  of  this  water  of  crystallization.  For  instance,  borax 
is  always  found  to  crystallize  with  lo  equivalents  of  water  (NaO, 
2  BO3  +  10  HO),  in  oblique  rectangular  prisms,  if  the  solution 
of  the  salt  be  not  sufficiently  concentrated  to  begin  to  crys- 
tallize till  the  temperature  falls  to  133°  F. ;  but  from  a  more 
concentrated  solution  borax  is  deposited  in  regular  octohedra 
with  only  5  equivalents  of  water.  So,  again,  the  sulphate  of  soda 
crystallizes  in  oblique  four-sided  prisms  with  10  equivalents  of 
water  (NaO,  SO3  +  10  HO)  under  ordinary  circumstances,  but  if 
a  solution,  saturated  at  91°,  be  very  slowly  raised  to  212°,  the 
sulphate  of  soda  is  deposited  in  rhombic  octohedra  which  contain 
no  water. 

(292)  Various  Kinds  of  Natural  Waters. — Owing  to  its  exten- 
sive solvent  powers,  water  is  never  met  with  naturally  in  a  state  of 
purity.  Rain  water,  collected  after  a  long  continuance  of  wet 
weather,  approaches  nearest  to  it,  but   even  that  always  contains 


*  Other  salts,  on  the  contrary,  absorb  moisture  from  the  atmosphere,  and 
become  damp  or  even  liquefy  in  the  water  so  absorbed ;  they  are  then  said  to 
deliquesce.  Carbonate  of  potash,  and  chloride  of  calcium  offer  instances  of 
this  kind. 
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Fig. 


atmospheric  air,  and  the  gases  floating  in  the  air,  to  the  extent  of 
about  2i  cubic  inches  of  air  in  loo  of  water.* 

*  The  quantity  of  air  which  is  contained  in  spring  or  other  water  can 
be  readily  ascertained  in 
the  following  manner.  A 
globular  flask,  a,  fig.  233, 
capable  of  containing  14 
or  16  ounces,  such  as  is 
used  for  taking  the  density 
of  vapours,  is  filled  with 
the  water  to  be  examined, 
and  connected  by  a  vul- 
canized caoutchouc  tube, 
h,  to  a  piece  of  barometer 
tube,  upon  which  is  blown 
a  bulb,  c,  2  inches  or  more 
in  diameter.  This  tube  is 
bent  in  the  manner  repre- 
sented in  the  figure  ;  the 
longer  limb  being  upwards 
of  30  inches  in  length,  and 
terminating  below  in  a 
recurved  extremity,  which 
is  intended  to  deliver  the 
gas  disengaged  from  the 
water,  into  a  graduated  jar, 
d,  with  an  expanded  fun- 
nel-shaped mouth,  which 
is  supported  in  a  small 
mercurial  bath .  The  bulb, 
c,  having  been  about  half 
filled  with  the   water,  is 

connected  with  the  flask  

by  the   caoutchouc  tube, 

which  is  firmly  secured  at  both  ends  by  ligatures.  A  small  wooden  vice,  such 
as  is  seen  at/",  is  made  use  of  to  compress  the  vulcanized  tube  and  to  cut  off" 
communication  between  the  flask  and  the  bulb,  c.  The  water  in  c  is  now 
made  to  boil  briskly  for  ten  minutes  or  a  quarter  of  an  hour,  until  all  the 
air  is  expelled  from  the  tube,  the  mouth  of  which  is  kept  just  below  the 
surface  of  the  mercury.  When,  after  a  few  minutes  continued  boiling,  no 
more  air  escapes  from  the  tube,  the  jar,  d,  is  filled  with  mercury,  and  placed 
over  the  end  of  the  long  tube.  The  vice  is  removed,  and  heat  applied  to 
the  flask ;  the  water  speedily  begins  to  give  ofi*  gas  ;  and  the  quantity  increases 
till  the  water  boils.  The  ebullition  must  be  continued  steadily  for  a  full  hour, 
and  the  operation  terminated  by  a  few  minutes  brisk  boiling,  by  which  the 
delivery  tube  will  be  filled  with  steam,  and  all  the  air  will  be  driven  over  into 
the  jar.  The  object  of  the  globe,  c,  is  to  prevent  the  water  from  boUing  over 
into  the  jar,  d:  a  little  steam  always  condenses  in-  the  air  jar  above  the  mer- 
cury, but  this  is  a  matter  of  small  consequence.  When  the  operation  has 
terminated,  the  gas  is  allowed  to  cool,  and  is  transferred  to  a  tall  jar  of  water, 
or  of  mercury,  where  its  bulk  can  be  measured. 

It  will  be  found  that  all  water,  including  even  that  which  has  been  recently 
distilled,  contains  air.  For  example,  three  samples  of  water  twice  distilled 
in  glass  vessels,  were  submitted  to  experiment :  100  cub.  in.  of  the  first  spe- 
cimen contained  1*85  cub.  in.  of  air  ;  in  the  same  bulk  of  the  second  2' 15,  and 
the  third  specimen  2*38  cub.  in.  of  air  were  present ;  the  oxygen  and  nitrogen: 
being  in  each  case  almost  exactly  in  the  proportion  of  i  measure  of  oxygen  to 
2  of  nitrogen. 
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Spring  Water,  although  it  may  be  perfectly  transparent,  always 
contains  more  or  less  of  saline  matter  dissolved  in  it ;  the  nature  of 
these  salts  will  of  course  vary  with  the  character  of  the  soil  through 
which  the  water  percolates.  The  most  usual  saline  impurities,  are 
carbonate  of  lime,  common  salt,  sulphate  of  lime,  and  sulphate  and 
carbonate  of  magnesia.  The  waters  of  the  New  Red  Sandstone 
are  impregnated  to  a  greater  or  less  extent  with  sulphate  of  lime. 
Most  spring  waters  are  charged  with  a  notable  proportion  of  carbonic 
acid,  which  dissolves  a  considerable  amount  of  carbonate  of  lime;  the 
calcareous  springs  in  the  chalk  districts  around  London  contain 
from  1 8  to  20  grains  of  chalk  per  gallon,  6  or  8  grains  of  which 
separates  by  exposure  of  the  water  to  the  atmosphere,  so  that  a 
running  stream  will  seldom  contain  more  than  12  or  14  grains  of 
chalk  per  gallon  in  solution.  Waters  which  have  filtered  through 
a  bed  of  chalk  also  often  contain  carbonate  of  soda  in  considerable 
quantity,  as  is  the  case  with  the  deep-well  waters  of  London. 

Mineral  Waters  are  waters  impregnated  with  a  large  propor- 
tion of  any  one  of  the  above-named  salts,  or  with  some  substance 
not  so  commonly  met  with;  such  waters  are  usually  reputed  to 
possess  some  medicinal  quality,  varying  with  the  nature  of  the  salt 
in  solution.  Many  of  these  springs  are  of  a  temperature  consider- 
ably higher  than  that  of  the  surface  of  the  earth  where  they  make 
their  appearance.  At  Carlsbad  and  Aix-la-Chapelle  this  tempera- 
ture varies  from  160°  to  190°.  Such  hot  springs  either  occur  in 
the  vicinity  of  volcanoes,  and  then  generally  abound  in  carbonic 
acid,  common  salt,  and  other  salts  of  soda ;  or  they  spring  from 
great  depths  in  the  rocks  of  the  earliest  geological  periods,  and 
contain  chlorides  of  calcium  and  magnesium,  and  almost  always 
traces  of  sulphuretted  hydrogen.  (Berzelius.) 

Many  mineral  waters  contain  oxide  of  iron,  which  imparts  to 
them  an  inky  taste ;  they  are  then  frequently  termed  chalybeate 
waters :  some  of  the  Cheltenham  springs  are  of  this  kind.  In 
other  instances  carbonic  acid  is  very  abundant,  giving  the  brisk 
effervescent  character  noticed  in  Seltzer  water.  Less  frequently,  as 
in  the  Harrogate  water,  sulphuretted  hydrogen  is  the  predominating 
ingredient,  giving  the  nauseous  taste  and  smell  to  such  sulphureous 
waters.  In  other  instances  the  springs  are  merely  saline  and  contain 
purgative  salts,  like  the  springs  at  Epsom,  which  abound  in  sulphate 
of  magnesia,  and  at  Cheltenham,  where  common  salt  and  sulphate 
of  soda  are  the  predominant  constituents.  Many  of  these  saline 
springs  also  contain  small  quantities  of  iodine  and  bromine,  which 
greatly  add  to  their  therapeutic  activity. 
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River  Water  is  less  fitted  for  drinking  than  ordinary  spring 
water,  although  it  often  contains  a  smaller  amount  of  salts ;  it 
usually  holds  in  solution  a  much  larger  proportion  of  organic 
matter  of  vegetable  origin,  derived  from  the  extensive  surface  of 
country  which  has  been  drained  by  the  stream.  If  the  sewerage 
of  large  towns  situated  on  the  banks  be  allowed  to  pass  into  the 
stream,  it  is  of  course  still  less  fit  for  domestic  use.  Running  water 
is,  however,  endowed  with  a  self-purifying  power  of  the  highest 
importance;  the  continual  exposure  of  fresh  surfaces  to  the  action 
of  the  atmosphere  promotes  the  oxidation  of  the  organic  matter, 
and  if  the  stream  be  unpolluted  by  the  influx  of  the  sewerage  of  a 
large  town,  this  process  is  generally  fully  adequate  to  preserve  it  in 
a  wholesome  state.  River  water  almost  always  requires  filtration 
through  sand  before  it  is  fit  for  domestic  use ;  and  if  water  works 
designed  to  supply  such  water  be  properly  constructed,  provision 
is  made  for  such  a  filtration.  Suspended  matters,  such  as  weeds, 
fish-spawn,  leaves,  and  finely  divided  silt  or  mud,  are  thus  removed ; 
but  vegetable  colouring  matter  in  solution,  salts,  and  other  bodies, 
when  once  they  are  dissolved  cannot  be  arrested  by  the  filter. 

Water  is  familiarly  spoken  of  as  hard  or  soft,  according  to  its 
action  on  soap.  Those  waters  which  contain  compounds  of  lime  or 
magnesia  occasion  a  curdling  of  the  soap,  as  these  earths  produce 
with  the  fat  of  the  soap  a  substance  not  soluble  in  water.  Soft 
waters  do  not  contain  these  earths,  and  dissolve  the  soap  without 
difficulty.  Many  hard  waters  become  softer  by  boiling ;  in  which 
case  the  carbonic  acid  is  expelled,  and  the  carbonate  and  part  of 
the  sulphate  of  lime  which  were  held  in  solution  are  deposited, 
and  cause  a  fur  or  incrustation  upon  the  inside  of  the  boiler. 

Sea  Water  is  largely  impregnated  with  common  salt,  and  with 
chloride  of  magnesium,  to  which  it  owes  its  saline  bitter  taste. 
The  quantity  of  salts  is  continually  on  the  increase,  as  it  is  the 
receptacle  for  all  the  fixed  contents  of  the  river  water  which  is 
discharged  into  the  ocean,  since  pure  water  alone  evaporates  from 
its  surface.  The  specific  gravity  of  sea  water  is  subject  to  trifling 
variations,  according  to  the  part  of  the  globe  from  which  it  is 
taken.  The  waters  of  the  Baltic  and  of  the  Black  Sea  are  less 
salt  than  the  average,  while  those  of  the  Mediterranean  are  more  so. 
The  waters  of  the  Mediterranean  in  the  Levant  are  more  salt  than 
those  of  the  same  sea  near  the  Straits  of  Gibraltar.  The  mean  specific 
gravity  of  sea  water  is  1*027,  ^^^  ^^^  quantity  of  salts  ranges  from 
y^  to  4  per  cent.  According  to  M.  Schweitzer  [Phil.  Mag.,  1839, 
vol.  XV.,  p.  58),  the  water  of  the  British  Channel  is  composed   as 
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follows  : — that  of  the  Mediterranean,  analysed  by  M.  Usiglio  {Ann. 
de  ChimiejUJ.j  xxvii.,  104)  will  be  seen  to  agree  very  closely  with 
it  in  composition  : — 

British  Channel. 

Water 964-74372 

Chloride  of  sodium 27 '05948 


Chloride  of  potassium  . 
Chloride  of  magnesium 
Bromide  of  magnesium 
Sulphate  of  magnesia  , 
Sulphate  of  lime  . 


076552 
3-66658 
0-02929 
2-29578 
I' 40662 
Carhonate  of  lime 0-03301 


Iodine 
Ammonia     . 
Oxide  of  iron 


traces 
traces 


Mediterranean. 

962345 
29-424 

0-505 
3-219 

0-556 

2-477 

I '357 
0*114 


0-003 


lOOO'OOOOO 


Specific  gravity 1027-4  at  60°  F.         1025  8  at  70°  F. 

Minute  quantities  of  iron  have  been  found  in  the  waters  of  the  ocean, 
but  nitric  and  phosphoric  acids  have  eluded  the  most  careful  obser- 
vation. 

For  chemical  purposes  water  is  always  purified  by  distillation, 
which  may  be  effected  on  a  small  scale  in  glass  retorts,  but  it  is 
generally  carried  on  in  a  copper  still  provided  with  a  pewter  or 
copper  worm.  Iron  pipes  may  also  be  safely  used  for  the  purpose 
of  condensation ;  but  lead  must  be  avoided.  The  still  should  not 
be  employed  for  any  other  purpose.  When  a  few  drops  of  dis- 
tilled water  are  evaporated  upon  a  slip  of  glass,  no  stain  or  mark 
should  be  left,  otherwise  some  saline  impurity  is  present. 

W^ater  was  long  supposed  to  be  an  elementary  substance. 
This,  however,  is  not  the  case :  it  is  a  compound  of  oxygen  with 
hydrogen,  in  the  proportion  of  i  equivalent  of  each ;  its  symbol  is 
therefore  HO,  and  its  combining  number  9.  When  converted  into 
vapour,  9  grains  of  steam  occupy  twice  the  bulk  of  8  grains  (or  i 
equivalent)  of  oxygen  at  the  same  temperature;  its  combining 
volume  is  therefore  =  2 ;  the  combining  volume  of  oxygen  being 
taken  as  i. 

§  II.  Hydrogen. 

Symbol  (H) ;   Equivalent,  i ;    Specific  Gravity,  o'o6g2, ;    Combining 

Volume  J  1, 

(293)  Preparation. — The  composition  of  water  may  be  deter- 
mined both  by  analysis  or  separation  of  its  constituents,  and  by 
synthesis  or  their  reunion  after  such  separation.  An  elegant  mode 
of  showing   the   composition  of  water  analytically,  is  afforded  by 
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Fig 


the  voltaic  battery.    A  glass  vessel,  fig.  234,  containing  two  platinum 
plates,  a  and  h,  is  filled  with  water,  slightly  acidulated  with  sul- 
phuric acid  to  improve  its  conducting  power,  and  is  arranged  so  as  to 
transmit  the  current  of  a  battery  consisting  of  three  or  four  pairs 
of  Grovels  cells  (233) .   Immediately  that  the  two  platinum  plates  are 
connected  with  the  wires  of  the  battery,  gas 
rises  from  each;  and  if  two  similar  jars  be  filled 
with  water  and  inverted  one  over  each  plate,  the 
volume  of  the  gas  which  rises  from  the  plati- 
node,  or  negative  plate,  a,  will  be  found  exactly 
double  of  that  which  rises  from  the  zincode, 
or  positive  plate,  h:  the  gas  in  b  will  show 
itself  to  be  oxygen  by  rekindling  a  glowing 
match,  whilst  that  in  a  extinguishes  flame, 
but  takes  fire  itself  when  a  light  approaches  it. 
To  this  gas  the  name  of  hydrogen,  or  '^pro- 
ducer of  water,'  has  been  given.    Oxygen  and 
hydrogen  are  the  sole  constituents  of  water, 
and  by  their  union  in  the  proportion  of  two 
measures  of  hydrogen  to  one  of  oxygen  this  liquid  is  reproduced. 
The    presence    of    hydrogen    and    oxygen  in  water    may   be 
shown  in  other  ways,  and  hydrogen  may  be  obtained  by  chemical 
means.      If  a  piece  of  potassium  the  size  of  a  pea  be  wrapped  up 
in  blotting  paper,  and  be  rapidly  introduced  beneath  the  mouth  of 
a  strong  wide  tube,  10  or  12  inches  long,  filled  with  water  and  in- 
verted in  the  pneumatic  trough,  bubbles   of  gas  will  be   quickly 
disengaged,  and  will  collect  in  the  upper  part  of  the  tube.      On 
inverting  the  tube  and  applying  a  light,  the  gas  will  take  fire  and 
burn  with  flame ;  the  liquid  in  the  tube  will  be  found  to  be  alka- 
line, and  will  change  the   yellow   colour   of  turmeric  to  brown ; 
potash  having  been  formed  by  the  combination  of  the  potassium 
with  oxygen  derived   from  the  water.      Hydrogen  may  be   also 
obtained  by  the  action  of  water  upon  iron  at  a  high  temperature. 
In  order  to  effect  this,  let  a  piece  of  iron  piping,  shown  at  a  a,  fig. 
235,  be  filled  with  iron  turnings,  and  heated  to  redness  in  a  portable 
furnace,  b  ;  and  let  a  current  of  steam  be  driven  through  the  tube 
from  a  small  boiler,   c,    attached   to  one  extremity  of  the  pipe : 
the  aqueous  vapour  in  its  passage  will  be  decomposed,  the  oxygen 
will  enter  into   combination    with   the    heated    iron,    whilst  the 
liberated  hydrogen  will  pass  on,  and  may  be  collected  over  water 
in  a  jar,  d,  placed  over  the  mouth  of  a  bent  tube  attached  to  the 
other  extremity  of  the  iron  pipe. 

H   II  2 


464 


PREPARATION    OF    HYDROGEN, 

Fig.  235. 


But  the  most  convenient  way  of  procuring  hydrogen  is  by  the 
action  of  diluted  sulphuric  acid  on  zinc.  The  zinc  may  be  melted 
in  an  iron  ladle^  and  poured  from  the  height  of  a  few  feet  into  a 
pail  of  cold  water^  by  which  means  it  is  granulated ,  or  reduced  into 
grains  or  flakes  :  about  half  an  ounce  of  the  granulated  zinc  is  in- 
troduced into  a  retort,  and  a  dilute  acid,  prepared  by  mixing  an 
ounce  of  oil  of  vitriol  cautiously  with  6  ounces  of  cold  water,  stir- 
ring all  the  while,  is  poured  upon  the  zinc.  Hydrogen  gas  is 
soon  evolved  in  great  abundance :  the  first  portions  of  gas  which 
are  contaminated  with  the  air  contained  in  the  retort,  must  be 
allowed  to  escape ;  afterwards  the  gas  may  be  collected  in  the 
usual  way.  In  this  process  the  zinc  takes  oxygen  from  the  water, 
and  forms  oxide  of  zinc,  which,  though  insoluble  in  water,  is  imme- 
diately dissolved  by  the  sulphuric  acid,  forming  a  salt  called  sulphate 
of  zinc,  while  the  hydrogen  passes  off  in  the  gaseous  form.  The 
change  may  be  illustrated  by  the  following  diagram  : — 

Decomposition  of  Water  by  Zinc  and  Sulphuric  Acid. 


Before  decomposition. 

9  =  1  eq.  to(i  =  i  eq.  Hydrogen  (H)- 
water  (HO.)  (8  =  1  eq.  Oxygen  (O) 

32  =  I  eq.  Zinc  (Zn) 

40=1  eq.  Sulphuric  acid,  (SO3). 


After  decomposition. 

— liberated. 


f  I  eq.  sulphate 
80J  of  oxide  of  zinc 
l(ZnO,  SO3). 


Or  in  symbols;     Zn  +  HO,  SO3  give  H  +  ZnO,  SO3. 

An  ounce  of  zinc  is  sufficient  to  liberate  from  water  about   25 
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gallons  of  the  gas.  Scraps  of  iron  may  be  substituted  for  zinc ;  but 
in  this  case  the  gas  is  less  pure.  The  gas  furnished  by  the  action 
of  dilute  sulphuric  acid  on  zinc  possesses  a  peculiar  odour^  and  is 
frequently  contaminated  mth  small  quantities  of  compounds  of 
hydrogen  with  sulphur^  arsenic,  and  carbon.  It  may  be  freed  from 
these  impurities  by  causing  it  to  pass  first  through  a  strong  solu- 
tion of  potash^  and  then  through  a  solution  of  corrosive  sublimate, 
or  of  nitrate  of  silver. 

Properties. — Hydrogen  is  an  elementary  substance,  and  when 
obtained  with  the  precautions  just  mentioned,  is  a  colourless,  trans- 
parent, tasteless,  and  inodorous  gas.  It  has  never  been  liquefied, 
and  is  even  less  soluble  in  water  than  nitrogen.  Hydrogen  is  the 
lightest  form  of  matter  which  is  known;  it  is  only  xVth  of  the 
weight  of  an  equal  bulk  of  oxygen,  and  little  more  than  iVth  of 
that  of  air.  Its  specific  gravity  is  o'o692,  and  loo  cubic  inches 
weigh  but  2*14  grains.  Owing  to  its  levity,  it  has  been  extensively 
used  for  aerostatic  purposes,  although  the  facility  with  which  coal 
gas  can  now  be  obtained  has  caused  this  latter,  notwithstanding 
its  much  greater  density,  to  be  universally  substituted  for  hydrogen 
in  filling  balloons.  A  light  bag  made  of  the  craw  of  a  turkey 
may  easily  be  inflated  with  hydrogen,  and  will  ascend  rapidly,  and 
carry  with  it  a  weight  of  several  grains.  Owing  to  its  lightness,  a 
jar  may  be  easily  filled  ivith  the  gas  by  displace- 
ment without  using  the  pneumatic  trough.  A 
tube  8  or  10  inches  long,  is  fixed  by  a  cork  in  a 
three-necked  bottle  in  the  manner  shown  at  a, 
fig.  236,  containing  some  granulated  zinc ;  acid 
is  introduced  through  the  funnel,  and  the  gas, 
after  the  atmospheric  air  in  the  bottle  has  been 
allowed  to  escape,  may  be  collected  by  holding 
a  jar  over  the  tube,  as  at  b.  The  hydrogen 
will  be  retained  for  some  minutes  even  if  the 
jar  be  removed,  and  be  still  held  in  the  inverted 
position;  while  if  the  mouth  be  turned  upwards, 
the  gas  will  have  escaped  after  the  lapse  of 
a  few  seconds.  Hydrogen  has  a  smaller 
equivalent  number  than  any  other  elementary 
body,  and  it  has  hence  been  taken  as  the  unit 
or    standard    of   comparison.       Its    equivalent  ,:  ..^ 

number  is  therefore  unity,  or  i,  and  its  com- 
bining volume  2,  or  double  that  of  oxygen  :    the  combimvg  volume 
of  a  gas  being  the  proportion  in  bulk  in  which  it  enters  into  com- 
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bination  with  other  gases^  as  compared  with  the  bulk  occupied  by  an 
equivalent  quantity  of  oxygen,  under  similar  circumstances  of  tem- 
perature and  pressure.  Pure  hydrogen,  though  it  cannot  support 
life,  is  not  poisonous,  and  when  mixed  with  a  •  certain  proportion  of 
oxygen  it  has  been  breathed  for  some  time  without  inconvenience ; 
but,  owing  to  its  rarity,  it  renders  the  voice  temporarily  much 
sharper  and  more  shrill  than  usual. 

(294)  Synthesis  of  Water^Eudiometers. — Hydrogen  is  extremely 
inflammable ;  when  a  lighted  taper  is  plunged  into  a  jar  of  it  the 
gas  takes  fire,  but  the  taper  is  extinguished.  A  jet  of  hydrogen 
burns  with  a  pale  yellowish,  feebly  luminous  flame,  but  gives  out 
great  heat.  If  the  gas  be  dried  by  causing  it  to  pass  through  a 
tube  containing  chloride  of  calcium,  and  a  cold  bell  jar  be  held 
over  the  burning  jet,  the  interior  of  the  glass  quickly  becomes 
bedewed  with  moisture,  owing  to  the  formation  of  water  by  the 
union  of  the  burning  hydrogen  with  the  oxygen  of  the  atmosphere. 

Fig.    237   exhi- 
FiG.  237.  |)its    an     apparatus 

in  which  a  jet  of 
hydrogen  is  shown 
burning  in  an  atmo- 
sphere of  oxygen  : 
the  hydrogen  is 
dried  as  it  passes 
through  the  bent 
tube,  H,  which  is 
filled  with  fragments 
of  chloride  of  cal- 
cium. The  jar,  a, 
which  is  open  at  its 
lower  end,  is  filled  by 
displacement  with 
dry  oxygen ;  the  jet 
of  hydrogen  is  kin- 
dled, and  then  the 
jar  is  quickly  de- 
pressed over  the 
burning  gas,  into 
the  mercury  con- 
tained in  the  vessel,  b.  As  the  oxygen  is  consumed  a  fresh  supply 
is  maintained  through  the  tube  connected  with  the  bottle,  o,  which 
contains  concentrated  sulphuric  acid  for  the  purpose  of  depriving  the 
oxygen  of  the  small  quantity  of  moisture  which  it  would  otherwise 
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carry  into  tlie  jar,  a.  The  oxygen  and  hydrogen  are  supplied  fro.n 
separate  gas-holders^not  shown  in  the  figure.  The  water  condenses  on 
the  sides  of  the  jar,  and  collects  in  the  gutter  at  the  lower  part. 
Oxygen  and  hydrogen  may  be  kept  in  a  state  of  mixture  at  the 
ordinary  temperature  of  the  air  for  an  unlimited  period  without 
entering  into  combination ;  but  the  passage  of  an  electric  spark, 
the  application  of  a  lighted  or  even  of  a  glowing  match,  and,  in 
some  instances,  the  mere  contact  of  a  cold  metallic  substance,  such 
as  platinum,  especially  if  in  a  finely  divided  state  (62),  is  sufficient 
to  determine  their  immediate  combination.  Sudden  compression 
of  the  gases,  when  mixed,  produces  the  same  effect  from  the  heat 
evolved,  whilst  a  still  greater  amount  of  compression,  if  it  be  gra- 
dually applied,  even  when  carried  to  150  atmospheres,  fails  to 
produce  their  union. 

Cavendish,  in  his  inquiries  respecting  the  formation  of  water, 
effected  the  combination  of  the  two  gases  by  means  of  the  electric 
spark.     He  employed  for 

this     purpose    a     strong  ^i<^-  238. 

glass  vessel,  a  modifica- 
tion of  which  is  repre- 
sented at  A,  fig.  238. 
Through  the  upper  part 
two  platinum  wu'cs  are 
inserted  to  within  the 
eighth  of  an  inch  of  each 
other.  The  vessel  can  be 
closed  at  the  bottom  by  a 
glass  stopcock,  c.  The 
air  is  exhausted,  and  the 
vessel  screwed  upon  the 
top  of  a  jar,  b,  containing 
a  mixture  of  two  mea- 
sures of  hydrogen  and 
one  of  oxygen  :  on  open- 
ing the  stopcocks  a  por- 
tion of  the  mixture  en- 
ters the  vessel ;  the  cocks 
are  then  closed,  and  an 

electric  spark  passed  through  the  mixture  by  discharging  a  sm.all 
Ley  den  jar,  d,  through  the  platinum  wires,  a,  b.  A  bright  flash  is 
seen  at  the  moment  of  the  discharge,  and  the  gases  combine, 
forming  steam,  which  condenses  on  the  sides  of  the  glass  :  the 
whole  of  the  two  gases,  if  mixed  in  the  above  proportions,  enter 
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into  combination  with  each  other.  On  again  opening  the  stopcocks 
a  fresh  quantity  of  the  gases  may  be  admitted_,  to  supply  the  place 
of  those  just  condensed,  the  spark  may  again  be  transmitted,  and 
the  process  may  be  repeated  till  the  whole  of  the  gases  are  con- 
sumed, and  a  considerable  quantity  of  water  formed. 

The  uniformity  of  composition  and  regularity  of  proportion  in 
which  compounds  are  produced  when  they  combine  chemically  is 
strikingly  illustrated  by  means  of  a  mixture  of  oxygen  and  hydro- 
gen gases.  The  two  gases  may  be  mixed  in  any  arbitrary  propor- 
tion in  a  suitable  vessel,  into  the  sides  of  which  two  platinum  wires 
are  fused  for  the  purpose  of  transmitting  the  electric  spark.  If 
the  mixture  be  capable  of  exploding  at  all,  the  combination  will  be 
found  to  have  occurred  in  the  proportion  of  two  measures  of  hydro- 
gen to  one  of  oxygen,  no  matter  in  what  proportion  the  gases  were 
mingled.  If  oxygen  be  used  in  excess,  the  superfluous  oxygen  will 
be  found  remaining  uncombined,  and  if  hydrogen  be  in  excess,  this 
excess  will  remain  uncombined. 

Upon  this  principle  a  valuable  instrument,  the  Eudiometer,  is 
constructed,  by  means  of  which  various  gaseous  mixtures  may  be 
analysed  with  great  exactness.  Many  dificrent  forms  of  this 
instrument  are  in  use.  One  of  the  simplest  and  most  convenient 
is  tliat  proposed  by  Dr.  Ure.      It  consists  of  a  stout   siphon  tube, 

fig.  239,  open  at  one  extre- 
FiG.  239.  mity  and  closed  at  the  other. 

Into  the  sides  of  the  tube, 
near  the  sealed  end,  two  pla- 
tinum wires,  a  h,  are  fused, 
for  the  purpose  of  trans- 
mitting an  electric  spark 
through  the  cavity  of  the 
tube.  The  sealed  limb  is 
accurately  graduated  to  hun- 
dredths of  a  cubic  inch,  or 

_    ^ other      suitable      divisions. 

Suppose  it  be  desired  to 
ascertain  the  proportion  of  oxygen  in  atmospheric  air,  the  in- 
strument is  first  filled  with  mercury,  and  then  a  small  quan- 
tity of  air  is  introduced  :  the  bulk  of  this  air  is  accurately  measured, 
taking  care  that  the  liquid  stands  at  the  same  level  in  both  tubes. 
A  quantity  of  pure  hydrogen  about  equal  in  bulk  to  the  air  is  next 
introduced,  and  the  bulk  of  the  mixture  is  accurately  measured. 
The   open   extremity  of  the   tube  is  now  closed  with   the   finger, 
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below  which  a  cohimn  of  atmospheric  air  is  safely  included ;  this 
portion  of  air  acts  as  a  spring  which  gradually  checks  the  explosive 
force,  when  the  combination  is  effected  by  passing  a  spark  across 
the  tube  by  means  of  the  platinum  wires.  The  bulk  of  the  gas, 
after  the  explosion,  diminishes,  owing  to  the  condensation  of  the 
steam  which  has  been  formed.  Mercury  is  therefore  again  poured 
into  the  open  limb,  until  it  stands  at  the  same  level  in  both  tubes, 
and  the  volume  of  the  gas  is  measured  a  third  time.  One  third  of 
the  gas  that  has  been  condensed  by  the  explosion  will  represent  the 
entire  quantity  of  oxygen  which  the  mixture  contained.  For  deli- 
cate experiments,  a  very  complete  though  expensive  form  of  eudio- 
meter has  been  contrived  by  Regnault. 

If  a  mixture  of  oxygen  and  hydrogen  be  fired  in  the  air  in 
considerable  quantity,  as  when  a  bladder  full  is  ignited,  or  still 
better,  when  a  little  soapsuds  are  blown  up  into  a  lather  by  forcing 
some  of  the  gaseous  mixture  out  of  a  bladder  through  a  pipe  under 
the  liquid,  a  loud  and  sharp  report  attends  the  combination,  the 
steam  formed  suddenly  expands  from  the  high  temperature  attend- 
ant on  the  combustion,  and  immediately  afterwards  condenses : 
great  dilatation  is  first  produced,  followed  by  the  formation  of  a 
partial  vacuum ;  the  surrounding  air  rushes  in  to  fill  the  void,  and 
by  the  collision  of  its  particles  produces  the  report.  If  the  hydrogen 
be  mixed  with  air,  a  similar  but  feebler  explosion  occurs  when  a 
light  is  applied;  hence  it  is  especially  necessary  in  all  experi- 
ments with  hydrogen  to  allow  time  for  the  expulsion  of  the 
atmospheric  air  from  the  apparatus  before  setting  fire  to  the 
issuing  jet.  The  explosion  is  most  violent  when  %  measures 
of  hydrogen  are  mixed  with  5  of  air :  if  the  mixture  be  diluted 
with  a  large  excess  either  of  hydrogen  or  of  air,  the  explosion 
becomes  more  feeble;  the  heat  evolved  is  less  intense,  and  the 
combustion  less  sudden,  until  at  a  certain  degree  of  dilution  no 
explosion  follows  the  application  of  flame,  the  mixture  bums 
slowly,  or  if  still  more  diluted,  it  takes  fire  only  just  at  the  spot 
where  the  heat  is  applied,  but  the  combustion  does  not  spread 
through  the  mass. 

If  a  long  tube,  open  at  both  ends,  be  held  over  a  jet  of 
burning  hydrogen,  a  rapid  current  is  produced  through  the  tube 
which  occasions  a  flickering  in  the  flame,  attended  by  a  series  of 
small  explosions  that  succeed  each  other  so  rapidly  and  at  such 
regular  intervals  as  to  give  rise  to  a  musical  note,  the  pitch  and 
quality  of  which  varies  with  the  length,  thickness,  and  diameter 
01"  the  tube. 
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Pure  water  may  be  formed  in  considerable  quantities_,  by  a 
method  different  from  those  hitherto  described ;  the  operation  at 
the  same  time  furnishes  a  means  of  accurately  ascertaining  the 
relative  weights  of  oxygen  and  hydrogen  which  enter  into  the  com- 
position of  water.  It  consists  in  passing  a  current  of  hydrogen 
over  a  weighed  quantity  of  oxide  of  copper  :  at  a  red  heat  hydrogen 
deprives  the  oxide  of  copper  of  its  oxygen  and  forms  water;  and 
by  determining  the  weight  of  the  water  thus  produced,  and  the  loss 
sustained  by  the  oxide  of  copper,  the  proportion  of  hydrogen  which 
has  combined  with  the  oxygen  can  be  ascertained.      The  apparatus 

Pig.  240. 


required  for  the  purpose  is  represented  in  fig.  240.  A  quantity  of 
oxide  of  copper  is  placed  in  the  globe,  f,  which  is  constructed  of 
glass  of  difficult  fusibility,  and  the  globe  and  its  contents  are 
accurately  weighed.  A  current  of  hydrogen,  prepared  from  zinc  and 
sulphuric  acid  in  the  bottle,  a,  is  allowed  to  bubble  up  through  a 
solution  of  potash,  b,  and  to  traverse  three  bent  tubes  in  succes- 
sion ;  the  first,  c,  is  filled  with  fragments  of  pumice-stone  moistened 
with  a  solution  of  corrosive  sublimate  (Hg  CI) ;  the  second,  d, 
contains  fragments  of  fused  caustic  potash  ;  and  the  third,  e,  is 
charged  with  pumice  moistened  with  oil  of  vitriol.  The  mercurial 
salt  and  the  potash  remove  the  traces  of  arsenic,  sulphur,  and 
carburetted  compounds,  which  the  gas  might  otherwise  carry  over, 
and  the  oil  of  vitriol  absorbs  the  last  traces  of  moisture.  Perfectly 
pure  and  dry  hydrogen  gas  is  thus  delivered  in  the  globe,  f.  When 
all  the  air  is  completely  displaced,  heat  is  applied  to  the  globe  ; 
the  oxide  of  copper  gives  up  its  oxygen ;  water  is  formed,  which 
condenses  in  the  receiver,  g,  and  in  the  attached  bent  tube,  h,  which 
is  filled  with  fragments  of  pumice  moistened  with  oil  of  vitriol :  the 
whole  of  the  water  formed  is  bv  this  means  arrested,      i  is  a  bulb 
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tube  containing  a  little  oil  of  vitriol,  which  prevents  the  entrance 
of  extraneous  moisture,  and  by  its  motion  shows  the  progress  of 
the  gas.  On  weighing  the  globe,  f,  with  the  oxide  after  the  expe- 
riment has  terminated,  the  loss  gives  the  quantity  of  oxygen  which 
has  combined  with  the  hydrogen ;  whilst  the  difference  between  the 
amount  of  oxygen  and  that  of  the  water  condensed  in  the  receiver,  g, 
and  tube  of  acid,  h,  shows  the  quantity  of  hydrogen  that  has  com- 
bined with  it.  Each  grain  of  hydrogen  is  in  this  maimer  proved  to 
require  exactly  8  grains  of  oxygen  for  its  conversion  into  water. 

Many  other  metallic  oxides  besides  oxide  of  copper,  when  heated 
in  a  current  of  hydrogen,  part  \^ith  their  oxygen,  and  are  brought 
back  to  the  metallic  condition.  If  the  bulb  be  weighed  first  when 
empty,  then  when  charged  with  oxide,  and  a  third  time  after  the  stream 
of  gas  has  been  continued  till  all  formation  of  water  ceases,  and  till 
the  tube  has  become  cool,  the  loss  of  weight  sustained  by  the  oxide 
furnishes  the  proportion  of  oxygen  combined  with  the  metal.  A 
true  and  very  accurate  analysis  of  the  oxide  will  thus  have  been 
effected :  40  parts  of  oxide  of  copper  are  found  in  this  way  to  con- 
tain 32  of  copper  and  8  of  oxygen. 

Hydrogen  in  the  act  of  combining  with  oxygen,  emits  a  very 
intense  heat.  By  throwing  a  jet  of  oxygen  into  a  flame  of  coal- 
gas  or  of  hydrogen,  or  still  better 
by  introducing  a  jet  of  oxygen, 
as  at  o,  fig.  241,  into  the  centre  of  a 
jet  connected  at  h  with  a  gas-holder 
supplying  hydrogen,  so  that  the 
two  gases  may  be  mixed  just  before 
they  issue  from  the  common  orifice 
of  the  tube  a,  a  heat  may  be  ob- 
tained which  can  scarcely  be  sur- 
passed. Sometimes  the  two  gases 
are  mixed  in  the  proportion  of  3 
volumes  of  hydrogen  to  i  of  oxy- 
gen, and  introduced  into  a  bladder 
and  burned  as  they  issue  through 
a  tube  of  particular  construction,  con- 
trived by  Mr.  Hemming.  This  safety  jet  consists  of  a  brass  tube,  about 
6  inches  long  and  two-thirds  of  an  inch  in  diameter,  filled  with 
pieces  of  very  fine  brass  wire,  which  are  packed  closely  together,  and 
then  wedged  in  very  tightly  by  driving  a  stout  conical  piece  of  wire 
into  the  axis  of  the  tube  (402).  This  tube  is  supplied  at  one 
extremity  with   a   blowpipe  jet,   and  at  the    other  with   a   screw 
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which  can  be  connected  with  a  stopcock  adjusted  to  the  neck  of 
the  bladder.  The  temperature  produced  by  burning  the  mixed 
gases  from  such  a  jet  is  so  intense  that  thick  platinum  wire  melts 
in  it  with  ease,  and  is  partially  volatilized ;  iron  and  steel  melt  and 
burn  with  vivid  scintillations.  Rock  crystal  may  be  liquefied_, 
and  drawn  out  into  threads  like  glass,  and  the  stem  of  a  tobacco 
pipe  may  be  fused  into  an  enamel-like  bead.  When  the  oxyhydro- 
gen  flame,  which  is  but  very  feebly  luminous,  is  directed  upon  a  small 
cylinder  of  lime,  Z>,  this  earth  does  not  fuse,  but  it  becomes  white 
hot,  and  then  emits  a  very  pure  white  light  of  great  steadiness  and 
intensity,  which  may  be  maintained  for  hours  if  care  be  taken  to 
expose  to  the  flame  fresh  surfaces  of  the  lime  by  causing  it  to  revolve 
by  clockwork,  continually  but  very  slowly.  This  object  may  be 
obtained  less  perfectly  by  occasionally  turning  the  pin,  c,  which 
supports  the  lime.  Without  this  precaution  a  cavity  would  be  formed 
opposite  to  the  jet  from  volatilization  of  a  small  quantity  of  the  lime. 
This  light  was  originally  proposed  by  Lieutenant  Drummond,  to  be 
used  in  the  trigonometrical  survey  of  Great  Britain,  and  it  is  asto- 
nishing at  what  distances  it  may  be  seen  when  the  rays  are  con- 
centrated by  a  parabolic  reflector.  On  the  31st  December,  1845, 
it  was  seen  across  the  Irish  Channel,  at  half-past  3  p.m.  (during 
daylight)  from  the  top  of  Slieve  Donard,  in  Ireland,  by  an  observer 
stationed  at  the  top  of  Snowdon, — an  interval  of  108  miles  in  a 
direct  line ;  and  it  has  more  than  once  been  seen  at  a  distance  of 
112  miles. 

A  striking  experiment  may  be  performed  with  hydrogen,  which 
shows  how  purely  conventional  are  the  terms  '  combustibles' 
and  '  supporters  of  combustion/  Let  a  tall  bottle  with  a  narrow 
neck  be  filled  with  hydrogen  gas  ;  through  a  cork  which  passes 
easily  into  the  neck  of  the  bottle  fit  a  jet  connected  with  a  gas- 
holder containing  oxygen ;  place  the  bottle  mouth  downwards  and 
set  fire  to  the  hydrogen,  then  immediately  insert  the  cork  and  jet, 
through  which  a  stream  of  oxygen  is  gently  issuing.  The  flame 
will  appear  to  attach  itself  to  the  oxygen  tube,  and  the  jet  of 
oxygen  will  be  burning  in  an  atmosphere  of  hydrogen.  Combustion, 
in  fact,  occurs  at  the  place  where  the  two  gases  first  come  into 
contact.  Suppose,  for  a  moment,  that  the  earth's  atmosphere 
had  contained  hydrogen  instead  of  oxygen ;  oxygen  would  have 
appeared  to  us  in  the  light  of  a  combustible  gas,  and  hydrogen  in 
that  of  a  supporter  of  combustion. 
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CHAPTER  IV. 

CARBON.       CARBONIC    ACID. 

§  I.  Carbonic  Acid,  (CO2) ;  Equivalent,  22  ;   Combining  Volume,  2  ; 
Specific  Gravity,  i'529. 

(295)  An  atmosphere  composed  only  of  oxygen,  nitrogen,  and 
steam,  though  perfectly  adapted  to  the  support  of  animal  life,  would 
be  unfit  to  sustain  vegetation.  Plants  require  for  their  growth  and 
development  a  certain  proportion  of  another  gas — carbonic  acid. 
Evidence  of  the  existence  of  this  body  in  the  air  is  easily  obtained 
by  exposing  a  saucer  of  lime  water  to  the  atmosphere ;  in  a  few 
minutes  its  surface  becomes  covered  with  a  thin  pellicle,  which  if 
disturbed  by  agitation  sinks  to  the  bottom.  The  pellicle  is  renewed 
after  each  agitation  until  the  whole  of  the  lime  contained  in  the 
liquid  has  been  thus  rendered  insoluble.  This  white  matter  is 
chalk,  which  is  a  compound  of  carbonic  acid  and  lime.  Such  com- 
pounds of  carbonic  acid  with  bases  are  termed  carbonates,  hence 
chalk  is  chemically  termed  carbonate  of  lime.  When  the  chalk  thus 
obtained  is  heated  to  bright  redness  (which,  if  the  result  is  to  be 
accurately  examined,  must  be  effected  in  a  platinum  tube),  carbonic 
acid  is  expelled,  as  a  colourless  and  transparent  gas,  while  pure 
quick  lime  is  left  behind. 

Preparation. — In  actual  practice  carbonic  acid  is  obtained  by  a 
much  more  convenient  plan.  Carbonic  acid  being  but  a  feeble  acid, 
is  expelled  from  its  compounds  by  almost  every  other  acid  which 
dissolves  freely  in  water ;  it  is  therefore  easily  separated  from  its 
compounds  by  the  addition  of  one  of  these  acids.  Fragments  of 
chalk,  or  of  marble,  which  is  a  more  compact  form  of  carbonate  of 
lime,  are  placed  in  a  retort  or  gas-bottle,  and  some  powerful  acid, 
such  as  the  nitric  or  the  hydrochloric,  diluted  with  8  or  10  times 
its  bulk  of  water,  is  poured  upon  the  chalk,  when  the  acid  seizes 
the  lime  and  displaces  the  carbonic  acid,  which  escapes  with  a 
violent  effervescence.  The  following  diagram  shows  the  nature  of 
this  decomposition  when  chalk  and  nitric  acid  are  employed  : — 

Decomposition  of  Chalk  by  Nitric  Acid, 

pTTi    11        22  =  1  eq.  Carbonic  acid,  (COo) set  free. 

of  Chalk      \   Q  ^   T .        (n  r^\ 

\r-^  .        -1  ,ATi-i  \                    ^^^  o    H  eq-  nitrate  of 
54=1  eq.  Citric  acid  (NO,) ^^^ilime(CaO,  NO,). 

Or  in  symbols ;     CaO,  COg  +  NO5  give  CaO,  NO,  -f  CO^. 
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Limestone^  Iceland  spar,  pearlash,  and  carbonate  of  soda,  all 
yield  carbonic  acid  when  acted  on  by  a  stronger  acid. 

Properties. — Under  atmospheric  temperatures  carbonic  acid  is 
a  colourless  transparent  gas,  with  a  faint  acidulous  smell  and  taste ; 
when  generated  in  a  confined  space  in  strong  vessels,  it  however  con- 
denses to  a  liquid  as  transparent  and  colourless  as  water.  At  32°  F. 
it  requires  a  pressure  of  3  8 '5  atmospheres  to  retain  it  in  the  liquid 
state  (Faraday).  It  then  has  a  specific  gravity  of  0*83,  whilst  at  86° 
F.  the  specific  gravity  is  only  o'6o  (Thilorier,  Ann.  de  Chimie,  II.,  Ix., 
427).  By  the  application  of  heat  it  expands  four  times  more  rapidly 
than  air  ;  its  expansion  much  exceeds  that  of  any  known  substance, 
liquid  or  gaseous.  Liquefied  carbonic  acid  does  not  mix  freely 
with  water,  or  with  the  fixed  oils ;  but  it  is  dissolved  by  alcohol, 
ether,  oil  of  turpentine,  naphtha,  and  bisulphide  of  carbon  in  all 
proportions.  When  a  stream  of  the  liquefied  acid  is  allowed  to 
escape  into  the  air,  it  freezes  into  a  snow-white  solid  (182) ;  and 
if  a  tube  containing  liquid  carbonic  acid  be  plunged  into  a  bath 
of  the  solid  acid  mixed  with  ether,  and  placed  in  the  vacuum  of  the 
air  pump,  the  liquid  carbonic  acid  in  the  tube  will  speedily  be  frozen 
into  a  clear  transparent  ice-like  mass,  which  melts  at  — 70°  F.  The 
solidified  acid  is  heavier  than  the  liquid  portion  in  which  it  is  forming. 

Carbonic  acid  gas  is  not  inflammable,  neither  will  it  support 
the  flame  of  burning  bodies ;  the  extinction  of  a  taper  is  one  of 
the  means  frequently  resorted  to  for  detecting  its  presence.  Many 
other  gases,  however,  have  the  same  property  ;  some  additional  test, 
therefore,  becomes  necessary.  Such  a  test  is  afforded  by  its  action 
upon  lime-water,  which,  when  agitated  with  the  gas,  is  immediately 
rendered  milky  from  the  formation  of  chalk ;  a  few  drops  of  any 
strong  acid  dissolve  the  chalk  and  restore  transparency  to  the 
liquid ;  an  excess  even  of  darbonic  acid  has  the  same  effect. 

Carbonic  acid  gas  in  its  concentrated  form  is  irrespirable ;  for 
by  producing  spasm  of  the  glottis  it  is  prevented  from  entering  the 
lungs ;  when  diluted  with  air,  however,  it  may  be  breathed  without 
even  a  suspicion  of  its  presence.  If  the  proportion  exceed 
3  or  4  per  cent,  of  the  air  it  acts  as  a  narcotic  poison  ;  and 
even  in  much  smaller  quantities  its  depressing  effects  are  very 
injurious.  The  ill  effects  experienced  in  crowded  and  ill-ventilated 
rooms  are  chiefly  due  to  the  presence  of  this  gas  in  undue  quantity, 
and  it  is  this  circumstance  which  renders  attention  to  ventilation 
a  matter  of  such  high  importance. 

Carbonic  acid  gas  is  more  than  half  as  heavy  again  as  atmo- 
spheric air ;   100   cubic  inches  of  it  at  60°  F.  and  30  inches  Bar. 
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Fig.  242. 


weigh  47 '303  grains,  and  its  specific 
gravity  is  i'529.  From  its  density  it 
may  easily  be  collected  in  dry  vessels 
by  displacement,  as  represented  in 
fig.  242,  and  may  be  poured  from  one 
vessel  into  another  like  water. 

Carbonic  acid  gas  dissolves  in 
water  to  a  larger  extent  than  any 
of  the  gases  as  yet  described.  At 
the  ordinary  temperature  water  takes 
Tip  about  two-thirds  of  its  bulk  of 
carbonic  acid,  and  its  solubility  in- 
creases if  the  pressure  be  increased. 
When  the  compression  is  suddenly 

removed,  the  gas  escapes  with  brisk  effervescence.  Advantage  is 
taken  of  this  circumstance  in  the  preparation  of  soda-water, 
as  it  is  called.  For  this  purpose  the  water,  which  may  or 
may  not  contain  soda  or  other  substances  in  solution,  is  mecha- 
nically charged  with  a  large  quantity  of  carbonic  acid  gas, 
by  the  use  of  a  condensing  syringe,  attached  to  a  reservoir  filled 
with  the  gas.  The  excess  of  the  gas  thus  forced  into  the  liquid 
occasions  the  agreeable  briskness  and  pungency  so  much  prized  in 
this  beverage.  A  solution  of  carbonic  acid  in  water  produces  a 
feeble  and  fugitive  reddening  of  litmus  paper.  This  solution 
possesses  solvent  powers  which,  though  in  many  instances  extremely 
feeble,  are  yet  far  more  extensive  than  those  of  pure  water.  By  the 
continuous  action  of  water  charged  with  carbonic  acid,  even  granite 
and  the  hardest  rocks  are  disintegrated,  few  finely  divided  minerals 
being  able  to  resist  its  gradual  and  long  continued  action.  The 
proportion  of  gas  dissolved  is  in  many  instances  very  minute,  but  as 
few  natural  sources  of  water  exist  which  are  not  to  a  greater  or  less 
extent  impregnated  with  carbonic  acid,  either  by  absorption  fi'om 
the  atmosphere  or  from  the  soil,  the  solution,  insignificant  as  it 
may  at  first  sight  appear,  is  continually  proceeding,  and  in  the  lapse 
of  time  it  effects  changes  of  great  importance  and  extent. 

The  briskness  of  spring  water  is  partly  due  to  the  carbonic  acid 
which  it  contains ;  though  its  usual  coolness  and  the  abundance 
of  atmospheric  air  dissolved  in  it,  are  still  more  important.  It 
is  the  absence  of  these  qualities  which  renders  boiled  or  distilled 
water  flat  and  insipid.  Carbonic  acid  was  originally  termed  fixed 
air,  from  the  circumstance  of  its  having  been  discovered  by 
Dr.  Black,  in  1757,  as  a  solid  or  fixed  constituent  in  limestone,  and 
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from  its  becoming  fixed  or  absorbed  by  solutions  of  the  pure 
alkalies. 

(296)  Sources  of  Carbonic  Acid. — Besides  the  processes  of  pro- 
curing the  gas  already  described,  there  are  a  variety  of  cases  in 
which  it  is  produced  on  a  very  large  scale  in  nature.  Respiration 
in  animals  is  always  attended  vrith  the  formation  of  a  large  propor- 
tion of  the  gas.  .  This  fact  may  be  easily  proved  by  forcing  air  from 
the  lungs  by  means  of  a  tube  through  lime-water,  which  will  speedily 
become  milky  from  the  deposition  of  carbonate  of  lime.  The  pro- 
portion of  carbonic  acid  in  respired  air  varies  from  3  to  4  per  cent., 
being  usually  about  3J  per  cent.  Carbonic  acid  is  also  abundantly 
disengaged  in  the  process  of  fermentation,  and  is  the  cause  of  the 
briskness  of  bottled  beer,  champagne,  and  other  fermenting  liquors. 
Many  accidents  have  occurred  from  persons  incautiously  descending 
into  an  empty  fermenting  vat  before  the  gas  has  had  time  to  escape 
and  mix  with  the  air ;  it  is  usual  to  facilitate  the  escape  of  the 
dense  gas  by  leaving  the  plug  at  the  bottom  of  the  vessel  open  for 
some  hours.  In  the  operation  of  burning  lime  in  the  lime-kiln, 
the  heat  expels  from  the  limestone  the  carbonic  acid,  which  escapes 
in  large  volumes.  Many  a  poor  houseless  wanderer,  tempted  by  the 
warmth  of  the  kiln,  has  lain  down  in  the  stream  of  air  proceeding 
from  it,  and  has  slept  to  wake  no  more.  By  the  operation  of  sub- 
terranean heat  in  volcanic  districts  upon  limestone  beneath  the 
surface,  large  volumes  of  carbonic  acid  are  continually  finding 
their  way  into  the  atmosphere ;  immense  quantities  are  discharged 
from  open  craters  or  from  fissures  and  cavities  in  the  soil;  the 
springs  in  such  districts  are  also  frequently  highly  charged  with  it, 
and  the  gas  escapes  with  effervescence  when  they  reach  the  surface. 
The  springs  of  Seltzer,  Pyrmont,  and  Marienbad,  on  the  Continent, 
and  of  Tunbridge,  in  our  own  country,  exhibit  this  phenomenon. 

The  carbonic  acid  met  with  in  spring  water  is  in  many 
instances  derived  from  the  gradual  oxidation  of  the  vegetal3le 
and  other  organic  matter  which  it  holds  in  solution,  by  the  action 
of  the  oxygen  of  the  air  which  all  waters  naturally  contain.  The 
lake  waters  from  the  primitive  districts,  such  as  those  in  the  northern 
parts  of  Scotland,  leave  scarcely  any  residue  on  evaporation  except 
a  little  organic  matter;  they  are  very  free  from  carbonic  acid, 
and  the  proportion  of  oxygen  is  somewhat  more  than  one  half  that 
of  the  nitrogen.  If  such  waters  be  kept  in  closed  vessels  for  a  few 
weeks  in  a  warm  room,  the  oxygen  gradually  decreases,  and  in  its 
place  a  corresponding  volume  of  carbonic  acid  is  found.  Spring 
waters  which  rise   in  a   sandy  district,  the   surface  of  which  is 
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sparingly  clothed  with  vegetation,  and  from  which  consequently  they 
can  take  up  but  little  organic  matter,  contain  but  small  quantities, 
often  mere  traces,  of  carbonic  acid ;  whilst  the  springs  of  highly 
cultivated  districts,  such  as  those  which  rest  more  or  less  directly 
upon  the  chalk,  become  charged  with  organic  matter,  which  gradu- 
ally undergoes  oxidation  in  the  soil,  and  the  quantity  of  carbonic  acid 
contained  in  such  waters  is  always  considerable,  whilst  the  quantity 
of  oxygen  is  proportionately  reduced.  In  some  experiments  made 
upon  this  subject,  the  water  of  the  Thames,  for  example,  was  found 
to  contain  about  ^'^  cubic  inches  of  carbonic  acid  per  gallon  ;  that 
of  the  New  River,  4*84 ;  and  that  of  the  deep  chalk  w^ell  in  Trafalgar- 
square,  7 '2  cubic  inches ;  whilst  the  pure  water  of  Loch  Katrine  did 
not  contain  o'o6  cubic  inches  when  first  collected,  though  after  it  had 
been  kept  for  a  few  weeks  in  a  w^arm  room  in  a  closed  bottle,  the 
quantity  of  carbonic  acid  in  the  same  sample,  owing  to  the 
gradual  oxidation  of  the  organic  matter  in  solution,  had  increased 
to  0-38  cubic  inches  in  the  gallon,  whilst  the  oxygen  had  diminished 
to  a  similar  extent.* 


*  The  analysis  of  these  gases,  or  of  any  mixture  of  air  with  carbonic  acid, 
such,  for  example,  as  respired  air,  may  be  effected  with  sufficient  accuracy  for 
most  purposes,  in  the  following  manner : — Supposing  that  the  gas  has  been 
collected  over  either  water  or  mercury,  it  becomes  necessary  to  transfer  a  por- 
tion of  it  from  the  jar  in  which  it  has  been  collected  to  the  one  in  which  it  is 
to  be  analysed.  A  method  of  effecting  this  is  shown  in  fig.  243.  Upon  the 
board,  a  d,  is  fastened  a  pipette,  designed  for  effecting  this  transfer  ;  a  is  a. 
cylindrical  funnel,  of  a  capacity  of  about  two  cubic  inches  ;  at  c  is  a  small  steel 
stopcock,  by  which  the  contents  of  the  funnel  can  be  admitted  to  a  wide  ther- 
mometer tube,  which  is  furnished  at  d  with  a  second  steel  stopcock  ;  5  is  a 
bulb  of  the  capacity  of  one  cubic  inch,  or  rather  less  ;  from  the  upper  part  of  b 
proceeds  another  piece  of  thermometer  tube,  bent  as  shown  in  the  figure,  to 
allow  of  its  introduction  into  the  gas-jar.  To  use  the  instrument,  the  funnel,  a, 
is  filled  with  mercury,  the  stopcocks  are  both  opened,  and  as  soon  as  the  air 
has  been  displaced  from  the  vertical  portion  of  the  fine  tube,  and  mercury 
escapes  through  d,  the  stopcock,  d,  is  closed ;  the  mercury  quickly  displaces 
the  air  from  the  rest  of  the  tube,  and  from  the  bulb,  h,  and  as  soon  as  it 
begins  to  flow  out  at  the  open  extremity  of  the  recurved  portion,  the 
stopcock,  c,  is  closed.  The  instrument  being  now  full  of  mercury,  is  intro- 
duced into  the  jar,  e,  of  the  gas,  to  be  transferred,  and  its  open  extremity  is 
raised  above  the  level  of  the  water  in  the  jar,  e ;  the  stopcock,  d,  is  then 
opened,  and  whilst  the  mercury  runs  out  into  a  vessel  placed  for  its  reception, 
the  gas  enters  from  e,  and  occupies  the  place  of  the  mercury  in  the  bulb,  b. 
When  a  sufficient  quantity  has  been  admitted,  the  tube  is  depressed  below  the 
level  of  the  water  in  the  jar,  e ;  the  stopcock,  d,  is  closed,  and  the  pipette, 
which  is  sealed  by  the  admission  of  a  little  water  into  the  capillary  tube,  is 
withdrawn  from  the  jar,/.  The  gas  can  now  be  transferred  to  the  graduated 
tube,  k,  standing  in  the  jar  of  mercury,  ff;  the  bent  limb  of  the  pipette  is 
introduced  into  the  tube,  h,  which  has  been  previously  filled  with  mercury. 
Fresh  mercury  is  poured  into  the  funnel,  a,  of  the  pipette,  and  on  opening  the 
stopcock,  c,  the  gas  is  expelled  into  the  tube,  h  ;  the  gas  should  not  occupy 
more  than  two-thirds  of  the  capacity  of  this  tube. 

The  proportions  of  carbonic  acid,  of  nitrogen,  and  of  oxygen,  are  now  easily 
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Carbonic  acid  constitutes  what  is  termed  choke-damp  by  miners, 
and  it  often  occasions  much  loss  of  Kfe  after  the  occurrence  of  an 


ascertained  in  the  following  manner : — The  bulk  of  the  gas  in  the  tube,  h,  is  to 
be  carefully  read  ofl',  care  being  taken  to  bring  the  mercury  to  the  same  level 
within  and  without  the  tube ;  the  temperature  and  the  pressure  being  observed 
as  usual.     Supposing  that  it  has  thus  been  ascertained  that  a  bulk  of  gas  of 


Fig 


about  two-thirds  of  a  cubic  inch  is  to  be  subjected  to  the  analysis,  the  operator, 
by  means  of  a  glass  syringe,  throws  up  ten  or  twelve  drops  of  a  solution  of 
caustic  potash  (sp,  gr.  v^)  into  the  tube.  The  glass  syringe  may  be  extempo- 
raneously prepared  from  a  strong  tube,  which  is  softened  in  the  flame  of  a 
lamp,  drawn  off  and  recurved  at  one  end,  as  shovm  in  the  figure  at  i;  this  con- 
stitutes the  body  of  the  syringe,  whilst  the  piston  is  easily  formed  of  a  piece 
of  glass  rod,  provided  with  a  plug  of  caoutchouc. 

The  operator  then  agitates  the  contents  of  the  tube,  by  rapidly  thrusting 
down  the  tube  into  the  mercury,  and  withdrawing  it ;  taking  care  to  keep  the 
mouth  below  the  surface  of  the  mercury  :  this  manoeuvre  is  several  times  re- 
peated in  quick  succession  ;  the  tube  is  again  left  at  rest  for  a  minute  or  two, 
and  the  absorption  is  noted  by  a  second  time  reading  off  the  volume  of  the  gas 
at  the  proper  level.     The  difference  indicates  the  amount  of  carbonic  acid. 

In  order  to  ascertain  the  proportion  of  oxygen  in  the  remainder,  a  solution 
of  I  part  of  pyrogallic  acid  in  6  of  water  is  prepared,  and  about  40  drops  of 
the  solution  is  by  2b  fresh  syringe  mjected  into  the  tube  h,  and  the  mixture  is 
briskly  agitated,  as  before ;  the  solution  of  potash,  if  oxygen  be  present, 
becomes  of  an  intense  bistre  colour,  and  the  oxygen  is  quickly  and  com- 
pletely absorbed ;  the  gas  is  measured  a  third  time,  and  the  residue  is  esti- 
mated as  nitrogen ;  the  difference  between  the  second  and  third  readings 
giving  the  volume  of  oxygen. 
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explosion  of  carburetted  hydrogen,  or  fire-damp.  It  frequently 
also  accumulates  in  the  old  workings  of  mines,  and  in  pits  or  wells. 
Before  descending  into  them,  it  is  usual  to  lower  a  candle  in  order 
to  ascertain  whether  the  light  will  burn  ;  if  it  does  so,  it  is  generally 
considered  safe  to  venture  down.  Instances,  however,  are  on  record 
in  which  a  candle  was  found  burning  in  an  atmosphere  which,  not- 
withstanding, contained  sufficient  carbonic  acid  to  cause  death. 
When  it  is  necessary  to  enter  into  an  atmosphere  considerably 
charged  with  this  gas,  Mr.  Graham  suggests  as  a  precaution  that 
the  mouth  and  nostrils  be  covered  with  a  cloth  containing  a  mix- 
ture of  slaked  lime  and  crystallized  sulphate  of  soda.  Such  a 
mixture  is  porous  enough,  in  a  layer  of  an  inch  thick,  to  allow  the 
passage  of  sufficient  air  for  respiration,  whilst  the  moist  lime  com- 
pletely absorbs  the  carbonic  acid. 

There  is  also  another  mode  in  which  carbonic  acid  is  very  largely 
formed,  which,  independent  of  its  importance  as  a  source  of  the  gas, 
IS  interesting  as  throwing  light  upon  its  chemical  nature.  Whenever 
charcoal,  or  bodies  which,  like  wood,  coal,  oil,  or  tallow,  contain  char- 
coal, are  burned  either  in  oxygen  or  in  air,  carbonic  acid  is  obtained 
abundantly ;  if  the  gas,  after  combustion  has  terminated,  be  agitated 
with  lime  water,  the  liquid  will  be  immediately  rendered  milky. 

Carbon  may  again  be  extracted  from  carbonic  acid.  If  a  small 
piece  of  potassium,  heated  till  it  begins  to  burn  in  air,  be  introduced 
by  means  of  a  platinum  spoon  into  a  jar  of  dry  carbonic  acid  gas, 
the  potassium  will  continue  to  burn  with  greater  brilliancy.  Potash 
will  be  formed  at  the  expense  of  the  oxygen  which  the  gas  contains, 
whilst  charcoal  is  liberated,  as  may  be  seen  in  the  black  particles 
which  are  suspended  in  the  water  into  which  the  spoon  is  plunged 
after  the  combustion  is  complete.  Thus  carbonic  acid,  both  syn- 
thetically and  analytically,  is  shown  to  be  a  compound  substance, 
consisting  of  charcoal  and  oxygen. 

Mr.  Goldsworthy  Gurney  has  turned  the  property  of  extinguish- 
ing flame  possessed  by  carbonic  acid  to  an  important  practical 
account.  Coal  mines,  at  different  times  and  from  various  causes, 
are  liable  to  take  fire,  and  from  the  vast  mass  of  heated  matter, 
the  conflagration  not  unfrequently  resists  all  the  ordinary  means 
of  checking  its  ravages ;  many  acres  of  subterranean  fire  are  thus 
produced,  and  the  workings  are  of  necessity  abandoned.  Mr. 
Gurney  in  such  cases,  by  the  agency  of  the  steam  jet,  pours  into 
the  miric  a  current  of  impure  carbonic  acid  and  nitrogen,  ob- 
tained by  forcing  a  stream  of  air  through  a  coke  furnace  into  the 
mine^  so  as  to  fill  the  entire  workings  with  the  gas,  and  has  thus 
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on  several  occasions  succeeded  at  a  very  small  expense  in  ex- 
tinguishing fires  which  have  raged  unsubdued  for  years.  A 
very  remarkable  case  of  this  kind  was  mentioned  in  the  Times  for 
May  22,  1 85 1.  The  burning  waste  of  Clackmannan,  situate  about 
seven  miles  from  Stirling,  had  been  for  thirty  years  on  fire.  It  occurred 
in  a  seam  of  nine-foot  coal,  and  extended  over  an  area  of  twenty-six 
acres;  the  fire  was  thus  successfully  extinguished  : — about  8,000,000 
cubic  feet  of  gas  were  required  to  fill  the  mine,  and  a  continuous 
stream  of  impure  carbonic  acid  was  kept  up  night  and  day  for  about 
three  weeks.  The  difficulty  lay  not  so  much  in  putting  out  the  fire,  as 
in  cooling  down  the  ignited  mass  so  that  it  should  not  again  burst  into 
flame  on  readmitting  the  air.  In  order  to  efiect  the  necessary  reduc- 
tion of  the  temperature,  water  was  blown  in  along  with  the  carbonic 
acid  in  the  form  of  a  fine  spray  or  mist.  Subsequently,  cold  air  mixed 
with  the  spray  was  blown  in,  and  in  a  month  from  the  commencement 
of  operations  the  fire  was  found  to  be  completely  extinguished. 

Carbonates. — Though  but  a  feeble  acid,  the  carbonic  acid  unites 
with  the  metallic  protoxides,  and  forms  a  numerous  and  important 
class  of  salts,  which  are  monobasic ;  that  is,  they  contain  one  equi- 
valent of  the  acid  to  one  equivalent  of  the  base,  like  carbonate  of 
lime  (CaO,C02).  In  the  case  of  the  alkalies  a  second  equivalent 
of  carbonic  acid  may  be  combined  with  the  metallic  oxide ;  thus 
with  potash  there  is  a  carbonate  (KO,  COg),  and  a  bicarbonate 
(KO,  HO,  2  CO2).  The  carbonates,  with  the  exception  of  those  of  the 
alkalies,  do  not  dissolve  in  water,  but  many  of  these  insoluble  car- 
bonates, and  in  particular  those  of  lime,  magnesia,  baryta,  and 
strontia,  dissolve  to  some  extent  in  water  charged  with  carbonic  acid, 
and  are  deposited  in  a  crystalline  form  as  the  gas  slowly  escapes 
from  the  liquid.  All  the  carbonates  dissolve  with  effervescence  in 
dilute  nitric  acid,  or  even  in  acetic  acid.  The  gas  which  comes  off  is 
colourless,  and  renders  lime  water  turbid,  and  possesses  the  pro- 
perties of  carbonic  acid,  above  described.  Solution  of  subacetate 
of  lead  is  instantly  rendered  milky  by  the  action  of  carbonic  acid  gas 
upon  it.  The  alkaline  carbonates,  when  in  solution,  are  also  decom- 
posed by  acids  with  effervescence ;  they  give  with  salts  of  lime  a 
white  precipitate,  which  is  immediately  re-dissolved  by  an  acid,  with 
effervescence.  All  the  carbonates,  with  the  exception  of  those  of 
potash,  soda,  and  baryta,  are  decomposed  by  prolonged  ignition,  the 
acid  being  entirely  expelled  from  the  salt.  The  carbonates  have 
considerable  tendency  to  combine  with  each  other,  and  form  double 
salts,  like  dolomite,  which  is  a  double  carbonate  of  lime  and  magnesia 
(MgO,  COa  +  CaO,  CO2). 
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§  II.  Carbon. 

Symbol  C;  Equivalent,  6 ;  Specific  gravity  as  diamond,  ^'^^  to  ^'jS- 

(297)  Carbon  is  an  elementary  body  of  the  greatest  importance. 
Independent  of  the  quantity  of  it  which  exists  diffused  through  the 
atmosphere  in  tiie  state  of  carbonic  acid,  it  forms  a  constituent  of 
the  numerous  varieties  of  carbonate  of  lime  and  of  magnesia,  con- 
stituting nearly  an  eighth  of  the  entire  weight  of  the  former,  and 
more  than  a  seventh  of  carbonate  of  magnesia.  It  is  the  charac- 
teristic ingredient  of  all  substances  which  are  termed  organic ; 
that  is,  of  substances  which  are  produced  directly  or  indirectly 
from  the  vegetable  or  animal  creation.  The  solid  parts  of  plants, 
shrubs,  and  trees  owe  their  form  and  solidity  to  this  element,  which 
is  mainly  supplied  to  them  from  the  atmosphere.  This  action  of 
plants  upon  carbonic  acid  is  one  of  the  means  ordained  for  pre- 
serving uniformity  in  the  composition  of  the  air.  The  quantities 
of  carbonic  acid  poured  forth  from  the  bowels  of  the  earth,  and 
derived  from  the  processes  of  respiration  and  combustion,  and  from 
numerous  other  less  apparent  somxes,  would  by  degrees  occasion 
an  injurious  accumulation  of  the  gas,  but  for  this  compensating 
action.  In  solar  light  the  leaves  of  plants  decompose  both  car- 
bonic acid  and  water,  appropriating  the  carbon  and  hydrogen  of 
each  for  their  own  growth  and  nutrition,  whilst  a  large  propor- 
tion of  the  oxygen  which  these  compounds  contained  is  returned 
into  the  air  in  the  gaseous  state.  The  carbonic  acid  thus  poured 
out  by  animals  as  a  refuse  and  poisonous  product,  supplies  food 
and  sustenance  to  the  vegetable  world,  which  in  its  turn,  converts 
the  carbon  into  a  form  suitable  for  the  maintenance  of  life  in 
animals.  Each  great  division  of  animated  nature  is  thus  seen  to 
be  essential  to  the  well-being  and  even  to  the  support  of  the  other. 
The  fuel  which  has  been  burned  and  dissipated  in  vapour,  is 
again  reduced  to  the  solid  state,  and  by  the  agency  of  vege- 
table life,  it  is  once  more  fitted  for  combustion.  Plants  are  in 
fact  the  grand  agents  by  which  deoxidation  is  effected,  while 
animals  are  the  channels  through  which  re-combination  with  oxygen 
is  unceasingly  produced. 

(298)  Diamond  (Ca). — Carbon  is  found  in  an  uncombined  con- 
dition in  nature  under  several  forms.  In  its  purest  state  it 
is  met  with  in  the  diamond,  in  which  it  occurs  crystallized 
in  forms  belonging  to  the  regular  system.  The  crystals  are 
generally  derivatives  from  the  octohedron,  with  a  cleavage  parallel 
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to  eacli  of  the  planes  of  the  octohedron^  the  faces  are  often  convex, 
and  the  edges  are  generally  rounded,  or  lenticular  as  they  are 
termed  in  such  crystals.  Diamonds  usually  present  themselves 
under  the  appearance  of  semi-transparent  rounded  pebbles,  enclosed 
in  a  thin  brownish  opaque  crust.  The  gem,  when  freed  from  this 
coating,  is  generally  colourless ;  such  specimens  are  the  most  prized ; 
it  is,  however,  met  with  of  various  tints,  the  more  common  of 
which  are  yellow  and  various  shades  of  brown.  '  The  most  famous 
diamond  mines  are  those  of  Golconda  and  Bundelcund,  in  India, 
of  Borneo,  and  of  the  Brazils.  The  origin  of  the  diamond  is 
entirely  unknown;  it  is  not  probable  that  it  has  been  formed  by 
crystallization  after  fusion,  as  intense  heat  reduces  the  diamond  to 
the  form  of  graphite.  The  circumstances  under  which  diamonds 
are  found  in  nature  afford  no  clue  to  the  process  of  their  formation. 
In  a  solitary  instance,  in  the  year  1827,  ^  diamond  was  found 
imbedded  in  a  fine  grained  quartzose  rock  [Itacolumite)  in  Brazil, 
but  with  this  exception  the  gem  has  been  always  found  to  occur 
scantily  in  an  alluvial  matrix,  consisting  chiefly  of  sandstone  and 
rolled  quartz  pebbles,  from  which  they  are  extracted  by  washing  and 
careful  sorting. 

Diamond  is  the  hardest  body  known :  it  can  only  be  cut  and 
polished  by  employing  its  own  powder  for  the  purpose.  The  fine 
diamond  dust  used  for  this  object  is  mixed  with  a  little  olive  oil 
and  spread  over  a  revolving  steel  plate,  and  the  diamond,  cemented 
into  a  suitable  support,  has  each  of  its  faces  in  turn  presented  to 
the  flat  face  of  the  disk.*  The  most  important  use  to  which  the 
diamond  is  applied  is  the  cutting  of  sheets  of  glass;  only  the 
natural  face  of  the  crystal  can  be  employed  for  this  purpose ;  crystals 
with  curved  faces  are  the  best ;  they  are  set  in  a  convenient  handle, 
and  a  line  in  the  proper  direction  is  traced  with  the  diamond  across 
the  glass ;  slight  pressure  on  each  side  of  the  cut,  then  determines 
the  fracture  in  the  right  direction.      A  true  cut  is  effected  by  such 


*  Tlie  Koliinoor  diamond,  which  was  cut  in  1852,  for  the  Queen,  was 
imbedded  in  a  copper  vessel  about  the  size  of  a  teacup,  into  which  it  was 
cemented  with  a  mixture  of  equal  parts  of  tin  and  lead.  When  it  was  neces- 
sary to  change  the  position  of  the  gem,  tlie  solder  was  melted  by  immersing 
tlie  cup,  with  the  diamond  imbedded,  in  a  charcoal  fire,  and  heating  the  metal 
till  it  assumed  a  consistence  resembling  that  of  wet  sand ;  in  order  to  cool  the 
diamond  more  quickly,  it  was  plunged  into  warm  water,  and  then  into  cold 
water  ;  the  cutting  was  effected  by  means  of  a  cast-iron  wheel  revolving  on  a 
vertical  axis  about  2400  times  per  minute  ;  the  diamond  rested  upon  the  upper 
surface  of  the  wheel,  being  held  in  its  position  by  a  kind  of  vice,  and  the 
pressure  against  the  revolving  disk  was  increased  or  diminished  by  adding  or 
removing  weights.  From  time  to  time  the  face  of  the  diamond  was  touched 
with  a  hair  pencil  dipped  in  a  cream  of  diamond  dust  and  oil. 
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a  diamond  if  properly  used,  whilst  a  diamond  with  angles  obtained 
by  cleavage,  produces  only  a  superficial  scratch  with  ragged 
edges  (Wollaston,  Phil.  Trans.,  1816). 

The  diamond  has  a  very  brilliant  lustre  and  a  high  refracting 
power ;  it  is  a  non-conductor  of  electricity.  After  exposure  to 
sunshine,  many  specimens  emit  a  feeble  phosphorescent  light,  which 
may  be  seen  in  a  darkened  room.  The  specific  gravity  of  the  dia- 
mond varies  from  ^'^'^  to  y^^-  In  vessels  from  which  air  is 
excluded,  it  may  be  heated  intensely  without  change.  If  it  be 
suspended  in  a  cage  of  platinum  wire,  heated  to  bright  redness,  and 
plunged  into  oxygen  gas,  it  will  burn  with  a  steady  red  light,  and 
with  the  production  of  pure  carbonic  acid.  The  diamond,  however, 
is  not  perfectly  pure  carbon :  it  always  leaves  a  minute  yellowish  ash, 
which  has  been  found  to  contain  silica  and  iron  (Petzholdt).  This 
ash  has  generally  the  form  of  a  cellular  network,  and  may  perhaps, 
at  some  time,  assist  in  determining  the  origin  of  this  valuable  gem. 
No  heat  hitherto  applied  suffices  for  the  fusion  or  volatilization  of  the 
diamond,  or  indeed  of  carbon  in  any  of  its  forms,  though  in  the 
intense  heat  of  the  voltaic  arc,  it  appears  to  be  mechanically  trans- 
ported from  one  electrode  to  the  other.  When  the  diamond  is 
introduced  into  the  flame  of  the  voltaic  arc  it  undergoes  a  remarkable 
change ;  as  soon  as  it  becomes  white  hot  it  begins  to  swell  up,  loses 
its  transparency,  suddenly  acquires  the  power  of  conducting  electri- 
city, becomes  specifically  lighter,  and  is  converted  into  a  black  opaque 
mass,  resembling  coke.  The  density  of  a  diamond  thus  altered, 
was  2'6778,while  in  its  crystalline  condition  it  was  3*336  (Jacquelain, 
Ann.  de  Chimie,  III.,  xx.  467).  The  heat  of  the  oxyhydrogen 
jet  was  found  to  be  insufficient  to  produce  this  change. 

(299)  Graphite,  or  Plumbago,  (C^),  is  a  second  form  in  which 
carbon  occurs  native.  Its  most  celebrated  mine  is  situated  at 
Borrowdale,  in  Cumberland,  but  it  is  also  found  in  Ceylon,  and  in 
several  parts  of  the  United  States,  always  in  rocks  belonging  to 
the  earliest  formation  :  the  Borrowdale  graphite  occurs  in  clay 
slate;  in  other  localities  it  is  imbedded  in  gneiss,  mica  slate, 
or  granular  limestone.  Graphite  occurs  either  massive  or  in 
six-sided  crystalline  plates  belonging  to  the  rhombohedral  system. 
Carbon,  in  the  two  forms  of  diamond  and  plumbago,  offers  an  excel- 
lent instance  of  dimorphism;  the  properties  which  it  displays  in  these 
two  states  are  as  widely  different  as  those  of  any  two  dissimilar 
elements.  The  specific  gravity  of  graphite  varies  between  2*09 
and  I  "8.  It  has  a  metallic  leaden  grey  lustre,  whence  its  familiar 
name  of   black-lead.       It  is  very  friable,  and   consequently  feels 
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unctuoiis  to  the  touch,  and  leaves  traces  on  paper  upon  which 
it  is  rubbed.  The  particles  which  compose  it  are,  however,  extremely 
hard,  and  they  rapidly  wear  out  the  saws  employed  to  cut  it.  Gra- 
phite is  an  excellent  conductor  of  electricity.  It  is  never  met  with 
in  a  state  free  from  foreign  admixture;  when  burned  in  oxygen 
it  leaves  from  2  to  5  per  cent,  of  ash,  which  generally  contains  quartz 
and  iron;  these  bodies,  however,  are  merely  accidental  impurities. 
The  fine-grained  amorphous  graphite  is  highly  prized  for  the  manu- 
facture of  "  lead  pencils.^^  Where  pieces  of  sufficient  size  can  be 
obtained  they  are  sawed  into  thin  slices,  and  these  again  into  small 
rectangular  prisms,  which  are  placed  in  cedar  wood  for  use. 
It  has  been  found  that  the  smallest  fragments,  if  of  good 
quality,  and  the  fine  powder  (which  was  formerly  consolidated  by 
melting  it  with  a  minute  quantity  of  sulphur,  and  was  used  for 
the  coarser  kinds  of  pencils)  may  be  again  reduced  into  coherent 
plates  by  subjecting  it  to  enormous  pressure,  and  may  thus  be 
fitted  for  the  manufacture  of  the  best  pencils.  Black  lead  is 
extensively  used  for  lubricating  machinery,  and  as  it  is  quite  un- 
altered by  exposure  to  the  weather,  it  forms  a  useful  coating  to 
protect  coarse  iron  work  from  rust.  An  application  of  graphite 
which  is  of  some  importance  to  the  chemist,  is  its  use  in  the 
manufacture  of  what  are  termed  black-lead  crucibles,  or  blue-pots. 
The  clay  used  in  making  them  is  mixed  with  a  coarse  kind  of 
graphite;  the  pots  made  from  this  mixture  are  much  less  likely 
to  crack  when  heated,  than  if  made  of  fire  clay  only. 

The  graphitic  modification  of  carbon  may  be  obtained  artificially 
by  several  processes.  When  cast  iron  is  melted  in  contact  with 
an  excess  of  charcoal,  it  takes  up  a  considerable  quantity  of  it,  and 
if  the  iron  be  allowed  to  cool  slowly,  the  carbon  crystallizes  out  in 
the  six-sided  plates  peculiar  to  graphite.  In  the  manufacture  of 
coal-gas,  those  parts  of  the  retort  which  are  exposed  to  the  highest 
temperature,  partially  decompose  the  gas  as  it  escapes  ;  a  part  of 
the  carbon  which  it  held  in  combination  is  deposited,  and  by 
degrees  a  layer  of  very  pure,  dense  carbon  is  formed,  possessed  of 
a  lustre  resembling  that  of  a  metal.  The  density  and  appearance 
of  this  mass  vary  according  to  the  temperature  to  which  it  has 
been  subjected. 

Pit-coal  is  a  substance  originally  of  vegetable  origin,  which  has 
become  altered  in  appearance  and  composition  by  the  combined 
action  of  heat  and  moisture  under  great  pressure.  It  consists  like 
vegetable  matter  in  general,  of  carbon,  hydrogen,  and  oxygen,  with 
a  small  proportion  of  nitrogen ;  and  in  addition,  it  contains  a  variable 
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quantity  of  saline  and  earthy  substances,  which  always  exist  in  the 
juices  of  plants.  When  the  coal  is  burnt  in  an  open  fire  place, 
these  saline  matters  are  left,  and  constitute  the  ashes.  When, 
however,  the  coal  is  heated  in  long  closed  iron  cylinders,  so  con- 
structed as  to  exclude  atmospheric  air,  but  to  allow  free  escape  for 
volatile  matters,  a  large  quantity  of  gaseous  substances,  containing 
the  oxygen,  hydrogen,  and  nitrogen,  with  a  part  of  the  carbon  of  the 
coal,  pass  off,  while  the  greater  proportion  of  the  carbon  remains 
behind,  and  constitutes  coke.  Chemically,  it  is  the  same  substance  as 
the  graphite  deposited  from  the  gas,  but  in  a  less  pure  form,  owing 
to  the  earthy  matters  which  are  mixed  with  it.  The  higher  the  tem- 
perature to  which  coke  is  exposed  during  its  manufacture,  the  more 
dense  does  it  become,  and  the  better  is  it  fitted  for  producing  a  steady 
and  intense  heat,  when  burned  as  fuel;  though  unless  the  supply 
of  air  be  tolerably  abundant,  it  burns  less  freely  in  this  dense  condi- 
tion than  when  less  compact.  In  order  to  furnish  a  coke  suited  for 
the  use  of  locomotive  engines,  it  is  customary  to  construct  coke 
ovens.  They  are  usually  built  of  brick,  and  lined  with  fire  bricks, 
the  walls  being  from  two  to  three  feet  in  thickness,  to  economize  heat, 
and  this  object  is  further  effected  by  building  several  ovens  together 
in  one  continuous  piece  of  masonry.  Such  an  oven  twelve  feet  in 
internal  diameter,  and  four  feet  in  height,  will  convert  three  tons  and 
a  half  of  coal  into  coke  in  forty-eight  hom^s.  Tlie  oven  has  a  sliding 
door  in  front,  for  the  purpose  of  introducing  and  withdrawing  the 
charge,  and  for  regulating  the  admission  of  air,  which  plays  over  the 
sm-face  of  the  heap  and  burns  off"  the  volatile  matters,  which  escape 
by  a  short  chimney.  The  combustion  proceeds  gradually,  from  above 
downwards.  In  about  forty  hours  after  commencing  the  operation,  the 
door  is  completely  closed,  and  the  furnace  left  for  five  or  six  hours  ; 
at  the  end  of  that  time  the  coke  is  withdrawn,  and  quenched  with 
water.  A  bituminous  coal,  like  the  Newcastle  coal,  furnishes  in  this 
way  a  very  dense  lustrous  coke,  which  splits  into  long  columnar 
masses  or  prisms,  as  the  temperature  in  the  oven  gradually  falls,  when 
the  door  is  closed.  A  fresh  charge  is  introduced  into  the  oven  whilst 
it  still  remains  red  hot.  The  coke  in  this  operation  is  never  melted, 
and  the  appearances  of  fusion  which  it  frequently  exhibits  are  due 
to  the  liquefaction,  by  heat,  of  the  bituminous  portions  of  the  coal, 
previous  to  their  carbonization. 

In  the  fissures  of  the  mass,  a  very  pure  form  of  carbon  is  fre- 
quently observed  in  black  fibres,  closely  resembling  horsehair  in 
appearance.  Coke  may  also  be  prepared,  though  with  less  advan- 
tage, by  a  smothered  combustion  of  the  coal  in  heaps,  in  a  manner 
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similar  to  that  practised  in  making  charcoal.  Coke  is  subject  to 
great  variation  in  appearance  and  bulk,  according  to  the  kind  of 
coal  employed.  It  is^  however,  always  more  bulky  than  the  coal 
that  yields  it. 

(300)  Charcoal:  Amorphous  Carbon,  {Cy). — Carbon  also  exists 
in  a  third  form,  distinct  from  that  of  graphite,  and  in  this  state  it  is 
amorphous,  or  entirely  destitute  of  crystalline  structure.  Lamp- 
black is  a  variety  of  this  kind  of  charcoal;  it  is  largely  manu- 
factured by  heating,  in  an  iron  pot,  vegetable  matters  rich  in 
carbon,  such  as  resin  or  tar;  the  vapours  thus  disengaged  are 
kindled  and  burned  in  a  current  of  air  insufficient  for  their  com- 
plete combustion ;  the  hydrogen  which  these  bodies  contain,  being 
the  more  inflammable  ingredient,  burns  off  first,  leaving  the  carbon 
in  the  form  of  a  very  finely-divided  powder,  such  as  that  which  con- 
stitutes the  visible  portion  of  smoke.  The  smoky  products  of  this 
imperfect  combustion  are  made  to  pass  through  a  large  chamber, 
the  walls  of  which  are  covered  with  coarse  cloth,  and  here  the  lamp- 
black is  deposited.  Lampblack  always  retains  a  portion  of  some 
incompletely  burned  compounds  of  carbon  and  hydrogen.  The 
purest  form  in  which  finely  divided  carbon  can  be  obtained  for  che- 
mical purposes,  is  furnished  by  passing  the  vapour  of  turpentine  or 
of  ether  slowly  through  tubes  maintained  at  a  red  heat;  a  fine  powder 
of  charcoal  is  deposited  within  them ;  but  this,  also,  even  if  again 
heated  intensely  in  close  vessels,  always  retains  traces  of  hydrogen. 

Tinder  is.  another  variety  of  carbon  in  the  amorphous  or  uncrys- 
talline  form;  but  the  most  important  variety  is  Wood  Charcoal,  which 
is  largely  manufactured  by  heating  billets  of  wood  to  dull  redness 
in  cast-iron  cylinders  provided  with  a  tightly  fitting  lid  at  one  end. 
The  best  plan  consists  in  enclosing  the  wood  to  be  charred  in  a 
second  lighter  case,  which  can  be  easily  introduced  into  and  with- 
drawn from  the  fixed  cylinder,  which  is  set  in  masonry,  and  pro- 
tected from  the  direct  action  of  the  flame  by  a  casing  of  fire-brick. 
From  this  kind  of  iron  retort  proceeds  a  tube  connected  with  a 
condensing  apparatus,  where  the  liquid  products  of  the  decom- 
position may  be  arrested,  whilst  the  uncondensible  gases  pass  on, 
and  are  directed  into  the  fire-place,  where  they  are  consumed. 
After  the  heat  has  been  continued  for  four  or  five  hours,  the 
end  of  the  outer  cylinder  is  removed,  the  inner  case  Avith  its  charge 
is  withdrawn,  and  the  whole,  whilst  still  red  hot,  plunged  into  an 
extinguisher  or  iron  case,  provided  with  a  tightly  fitting  lid, 
which  protects  it  from  the  action  of  the  air ;  in  this  condition  it 
is  left  to  cool  gradually. 

In   countries  where  wood  is  abundant,  the  charcoal  is  manu- 
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factiired  by  a  much  ruder  method.  A  plot  of  ground  is  levelled  in 
or  near  the  forest,  and  the  logs  of  wood  are  piled  up  regularly 
round  a  stake  in  a  mound,  which  is  partially  covered  up  with  pow- 
dered charcoal,  leaves,  turf,  and  earth ;  the  heap  is  fired  from  the 
centre,  large  quantities  of  moisture  presently  exhale,  and  when  the 
whole  mass  is  thoroughly  ignited,  it  is  still  more  closely  covered  up 
from  the  air,  the  workmen  regulating  the  admission  of  air  as  circum- 
stances require ;  it  is  then  allowed  to  burn  out.  When  quite  cold, 
the  earth  employed  to  stifle  the  combustion  is  removed,  and  the  char- 
coal is  fit  for  use.  The  combustion  of  one  part  of  the  wood  is  thus 
employed  as  a  source  of  heat  for  charring  the  rest.  Charcoal  pre- 
pared in  this  manner  is,  for  the  purposes  of  fuel,  preferable  to  that 
made  in  cylinders ;  it  is  denser  and  is  more  completely  deprived  of 
volatile  matters,  because  the  heat  to  which  it  is  exposed  is  much 
more  intense,  and  is  continued  for  a  much  longer  period.  If  the 
diameter  of  the  heap  be  thirty  feet  or  more,  the  operation  is  not 
complete  in  less  than  a  month.  A  slow  combustion  is  found  to  yield 
more  charcoal  than  one  which  is  rapidly  effected.  The  resulting 
charcoal  retains  the  form  of  the  wood,  but  it  is  much  reduced  in 
size,  generally  not  amounting  to  more  than  three-fourths  of  the 
bulk  of  the  wood,  and  never  exceeding  one-fourth  of  its  weight. 

Animal  charcoal,  or  ivory  black,  is  prepared  in  cylinders  in  a 
manner  similar  to  that  employed  for  wood  charcoal. 

(30 1 )  General  Properties  of  Carbon. — Carbon  in  all  the  forms  above 
mentioned  is  chemically  the  same.  At  atmospheric  temperatures  it 
is  one  of  those  substances  in  which  chemical  affinity  exhibits  least 
activity;  consequently  a  superficial  charring  is  frequently  resorted  to 
to  protect  wood  from  decay,  as  in  the  case  of  piles  which  are  driven 
into  mud  or  into  the  beds  of  rivers,  to  serve  as  foundations. 
For  the  same  reason  it  is  a  common  practice  to  char  the  interior 
of  tubs  and  casks  destined  to  hold  liquids.  At  higher  temperatures, 
the  affinity  of  carbon  for  oxygen  is  very  energetic.  The  compounds 
of  carbon  with  other  substances  are  termed  carburets,  or  carbides. 
The  diamond  is  a  non-conductor  of  electricity ;  in  its  other  forms 
carbon  is  an  excellent  conductor,  ranking  next  to  the  metals  in 
this  respect.  In  a  state  of  fine  subdivision  it  is  a  bad  conductor  of 
heat,  but  its  conducting  power  increases  with  its  density.  Finely 
divided  charcoal  is  usually  stated  to  have  strong  antiseptic  powers. 
It  certainly  has  a  remarkable  action  upon  putrescible  substances ; 
but  Dr.  Stenhouse  has  shown  that  this  action  consists  in  a  rapid 
process  of  oxidation  dependent  upon  the  power  of  condensing 
oxygen  which  charcoal  possesses  when  in  a  finely  divided  state. 
Animal  matter  in  an  advanced  state  of  putrefaction  loses  all  offen- 
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sive  odour  when  covered  with  a  layer  of  charcoal ;  it  continues  to 
decay,  but  without  emitting  any  ill  odour,  till  at  length  all  the 
carbon  is  dissipated  as  carbonic  acid,  the  hydrogen  as  water,  and 
the  nitrogen  remains  as  nitric  acid.  Its  remarkable  power  of 
absorbing  various  bodies,  particularly  colouring  matters  and  many 
bitter  principles,  when  in  a  finely  divided  state  (53)^  as  well  as  its  pro- 
perty of  condensing  a  large  proportion  of  gaseous  matters  within 
its  pores  (62),  have  been  already  mentioned.  So  rapid  is  this  action, 
that  Dr.  Stenhouse  has  proposed  to  use  a  respirator  filled  with 
charcoal,  to  protect  the  mouth  and  nostrils  in  an  infected  atmo- 
sphere; and  the  employment  of  trays  of  powdered  wood-charcoal 
in  dissecting-rooms,  in  the  wards  of  hospitals,  and  in  situations 
where  putrescent  animal  matter  is  present,  is  found  to  exert  a  most 
beneficial  influence  in  sweetening  the  atmosphere  by  absorbing 
and  decomposing  the  offensive  gases.  These  properties  render 
charcoal  a  valuable  material  in  the  construction  of  filters,  not  only 
for  decolorizing  purposes,  but  also  for  assisting  in  purifying  water 
for  domestic  use.  At  high  temperatures  carbon  combines  rapidly 
with  oxygen,  and  will  remove  it  from  a  great  number  of  its  com- 
pounds, especially  from  the  oxides  of  the  metals  ;  hence  the  various 
forms  of  carbon  are  very  extensively  employed  in  the  reduction  of 
these  substances  to  the  metallic  condition. 

(302)  Synthesis  of  Carbonic  Acid. — As  a  knowledge  of  the  com- 
position of  carbonic  acid  is  a  fundamental  datum  for  the  analysis 
of  organic  compounds,  the  proportion  in  which  oxygen  combines 
with  carbon  to  produce  carbonic  acid  has  been  determined  with  the 
greatest  care  by  the  combustion  of  weighed  quantities  of  diamond, 
of  graphite,  and  of  charcoal,  in  a  stream  of  dry  oxygen.  The 
apparatus  employed  for  this  purpose  is  represented  in  fig.  244. 
A  represents  a  gas-holder  filled  with  oxygen ;   b  a  tube  containing 
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fragments  of  caustic  potash^  or  pumice-stone  moistened  with  sul- 
phuric acid,  for  removing  all  traces  of  moisture  from  the  oxygen ; 
c  d  is  a  tube  of  hard  glass  traversing  the  sheet  iron  furnace,  e. 
At  c  is  a  platinum  tray  containing  the  weighed  portion  of  diamond 
or  graphite ;  the  front  of  the  tube  d  is  occupied  by  a  column  of 
oxide  of  copper.  The  apparatus  is  filled  with  dry  oxygen,  by 
opening  the  stopcock  of  the  gas-holder,  a,  to  a  regulated  distance, 
and  the  fore-part  of  the  tube,  d,  is  brought  to  red  heat  by  means 
of  lighted  charcoal ;  the  heat  is  then  applied  to  the  spot,  c,  where 
the  carbon  lies.  The  carbon  burns  and  becomes  converted  into 
carbonic  acid,  which  passes  on  through  the  column  of  heated  oxide 
of  copper;  r  is  a  weighed  tube,  filled  with  chloride  of  calcium, 
w  liich,  if  water  were  present,  would  be  found  to  increase  in  weight, 
but  in  which  no  deposit  of  moisture  is  formed  if  the  experiment  be 
properly  conducted.  The  carbonic  acid  passes  on,  and  is  absorbed 
by  a  strong  solution  of  potash  which  is  contained  in  the  bulbs  of 
the  Liebig^s  apparatus,  shown  at  g.  The  excess  of  oxygen  absorbs 
moisture  as  it  passes  through  this  liquid,  but  before  it  is  allowed  to 
escape  into  the  air  it  is  rendered  perfectly  dry  by  causing  it  to  pass 
through  an  additional  tube,  h,  filled  with  fragments  of  caustic  potash. 
The  increase  in  weight  acquired  by  the  tubes  g  and  h  furnishes  the 
weight  of  the  carbonic  acid  corresponding  to  the  quantity  of  carbon 
consumed,  and  the  quantity  of  carbon  burned  is  ascertained  by  w^eigh- 
ing  the  platinum  tray  and  its  contents  after  the  experiment  has  termi- 
nated. In  this  way  it  has  been  determined  that  6  parts  of  carbon 
require  for  conversion  into  carbonic  acid  exactly  i6  parts  of  oxygen 
(Dumas  and  Stas,  Ann.  de  Chimie,  III.  i.  5). 

If  a  piece  of  pure  carbon  be  burned  in  a  jar  of  oxygen  over 
mercury,  it  will  be  found  after  the  combustion  is  over,  and  the 
gas  has  cooled  to  its  original  temperature,  that  its  volume  has 
undergone  no  permanent  change  :  the  bulk  of  the  oxygen,  therefore, 
is  not  altered  by  this  combination ;  the  carbonic  acid  which  is  formed 
occupies  precisely  the  same  space  as  the  oxygen  which  produced  it. 

Diamond,  graphite,  and  charcoal,  are  chemically  the  same  sub- 
stance, and  yet  differ  entirely  in  properties,  these  three  conditions 
being  allotropic  modifications  of  carbon,  the  differences  in  properties 
arising  not  from  differences  in  their  chemical  nature,  but  in  their 
molecular  arrangement. 

(303)  Carbonic  Oa^ide,  (CO);  Equivalent,  14;  Specific  Gravity, 
0.967 ;  Combining  Volume,  2. — It  has  been  shown  that  carbonic 
acid  is  wholly  deprived  of  its  oxygen  when  heated  with  potassium ; 
but  if  some  metal,  such  as  zinc  or  iron,  which  has  a  less  powerful 
affinity  for  oxygen,  be  substituted  for  the  potassium,  the  carbonic 
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acid  will  only  be  partially  deoxidized;  the  metal  will  deprive  it  of  ex- 
actly half  the  oxygen  which  it  contains^  and  a  new  gaseous  body, 
termed  carbonic  oxide,  will  be  produced.  The  bulk  of  this  new  gas 
is  exactly  equal  to  that  of  the  carbonic  acid  that  furnished  it.  Car- 
bonic oxide  may  be  conveniently  prepared  by  mixing  powdered  chalk 
with  an  equal  weight  of  iron  or  of  zinc  filings,  and  exposing  the  mix- 
ture to  a  red  heat  in  a  gun  barrel.  The  chalk  when  ignited  gives  off 
carbonic  acid,  which  in  contact  with  the  heated  metal  is  decomposed ; 
oxide  of  iron  or  of  zinc  is  formed,  quick  lime  remains  in  the  retort 
mixed  with  the  metallic  oxide,  and  the  carbonic  oxide  gas  may  be 
collected  over  water,  in  which  it  is  but  slightly  soluble.  These 
chemical  changes  may  be  preresented  in  the  following  manner: — 

Before  decomposition.  After  decomposition. 

50  =  I   eq.  of[28  =  i  eq.  lime  (CaO) remains. 

chalk        j  14=  I  eq.  carbonic  oxide  (CO) set  free. 

(CaO,CO J     i   8  =  I  eq.  oxygen,  O 


33  =  I  eq.  zinc,  Zn 


(I  eq.  oxide  of 
zinc(ZnO); 


or  the  decomposition  may  be  thus  briefly  represented  in  symbols  : — 

CaO,  CO2  +  Zn  =  CaO  +  CO  +  ZnO. 

The  chemical  composition  of  carbonic  oxide  may  be  ascertained 
in  the  following  manner : — Introduce  into  the  bent  eudiometer 
(fig.  239)  a  certain  measure,  say  20  parts,  of  carbonic  oxide,  then 
add  20  measures  of  pure  oxygen  ;  pass  the  electric  spark  with  the 
precautions  already  described  :  the  40  measures  of  gas  will  diminish 
to  30  measures.  If  a  little  solution  of  potash  be  introduced,  20 
measures  of  the  residual  gas  will  disappear,  leaving  i  o  measures  of 
unaltered  oxygen :  the  20  measures  of  gas  absorbed  are  carbonic 
acid.  Now  carbonic  acid  contains  its  own  bulk  of  oxygen,  but  the 
20  measures  of  carbonic  oxide  required  only  i  o  measures,  or  half  its 
bulk  of  oxygen  to  convert  it  into  carbonic  acid.  Carbonic  oxide 
therefore  must  have  contained  the  other  10  measures  of  oxygen  ; 
in  other  words,  half  its  bulk  of  oxygen.  But  the  specific  gravity 
of  carbonic  oxide 

is  0*9674     deduct  from  this 

0*5528  =  half  the  density  of  oxygen 

o'4i46     the  remainder  is  the  weight  of  the  carbon 
combined  with  0*5528  of  oxygen. 

Now  0*5528  :  0*4146  :  :  8  :  6.  The  proportion  by  weight  of 
oxygen  to  carbon  in  carbonic  oxide  is  therefore  8:6,  or  i  equi- 
valent of  each. 
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Properties. — Carbonic  oxide  is  a  transparent,  colourless  gas, 
with  a  faint  oppressive  odour.  It  is  much  lighter  than  carbonic 
acid,  having  a  specific  gravity  of  0*967  (Wrede).  All  attempts  at 
its  liquefaction  have  as  yet  been  unsuccessful.  When  respired, 
even  though  diluted  with  air,  it  acts  as  a  direct  poison,  producing  a 
pecuUar  sensation  of  oppression  and  tightness  of  the  head.  It  does 
not  support  combustion,  but  burns  itself  with  a  beautiful  pale-blue 
light,  producing  by  its  combination  with  oxygen  carbonic  acid  oidy. 
A  solution  of  dicliloride  of  copper  in  hydrocliloric  acid,  or  of  the  salts 
of  dioxide  of  copper  in  ammonia,  rapidly  absorbs  carbonic  oxide  if 
agitated  with  it.  Carbonic  oxide  is  absorbed  by  potassium  if  the 
metal  be  gently  heated  in  the  gas,  7  equivalents  of  carbonic  oxide 
combining  with  3  equivalents  of  potassium.  This  property  is  some- 
times employed  for  separating  carbonic  oxide  from  its  mixture  with 
other  inflammable  gases,  in  the  process  of  analysing  mixtures  of 
such  gases. 

Although  carbonic  oxide  shows  but  little  tendency  to  combine 
directly  with  other  substances,  it  has  been  supposed  to  form  the 
basis  or  radicle  of  a  numerous  series  of  compounds ;  the  probability 
of  this  view,  however,  is  but  slight. 

Carbonic  oxide  is  often  produced  abundantly  in  the  ordinary 
process  of  combustion  in  stoves  and  furnaces :  this  mode  of  its 
formation  is  important,  as  it  exercises  a  material  influence  upon  the 
economy  of  combustion,  and  in  many  metallurgic  operations  the 
carbonic  oxide  so  produced  plays  a  conspicuous  part  in  the  reduction 
of  the  ore  to  the  metallic  state.  The  formation  of  carbonic  oxide 
in  an  open  fire  which  is  burning  steadily  without  emitting  smoke 
is  often  evidenced  by  the  flickering  blue  flame  seen  playing  over  the 
glowing  embers.  In  this  case  carbonic  acid  is  first  formed  at  the 
bottom  of  the  grate  from  the  free  access  of  air  to  this  part  of  the 
burning  fuel ;  the  carbonic  acid  gas  as  it  traverses  the  red-hot  coke 
enters  into  combination  with  an  additional  quantity  of  carbon.  The 
acid,  by  losing  half  its  oxygen,  is  converted  into  its  own  bulk  of 
carbonic  oxide,  and  at  the  same  time  the  carbon  of  the  heated  fuel 
which  has  entered  into  combination  with  this  removed  oxygen  fur- 
nishes another  equal  quantity  of  the  same  gas  :  and  the  heated  car- 
bonic oxide  takes  fire  as  soon  as  it  mixes  with  the  air  which  passes 
over  the  upper  surface  of  the  fire.  The  reaction  between  the  hot 
carbon  and  carbonic  acid  may  be  thus  represented:  COg  +  C  =  2  CO. 

Carbonic  oxide  may  also  be  formed  in  several  other  ways. 
Half  an  ounce  of  the  yellow  prussiate  of  potash,  finely  powdered, 
placed  in  a  retort,  and  heated  with  four  or  five  ounces  of  oil  of 
vitriol,  yields  more  than  a  gallon  of  the  pure  gas  (Fownes).      The 
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reaction  is  in  this  case  of  a  complicated  nature,  but  is  expressed  by 
the  annexed  symbols  : — 

Ferrocyan.  potass.  Water.  Sulphuric  acid. 

K^ii^C^3  +  6'nO  +  6  (HoTsOa) 


Carb.  oxide. 


Sulphate  potash. 

6^  +  sTkoTsOs)  + 


give 

Sulphate  iron. 


Sulphate  ammonia. 


FeO,  SO3  +  3  (H,NO,  SO3). 
One  equivalent  of  ferrocyanide  of  potassium  and  9  equivalents  of 
water  produce  6  equivalents  of  carbonic  oxide,  2  of  potash,  i  of 
protoxide  of  iron,  and  3  equivalents  of  ammonia ;  and  these  bases 
all  combine  with  sulphuric  acid  to  form  sulphates,  some  of  which 
afterwards  form  double  salts  with  each  other. 

Another  method  by  which  carbonic  oxide  may  be  obtained 
with  facility  consists  in  decomposing  oxalic  acid  by  means  of  oil 
of  vitriol.  By  the  application  of  a  gentle  heat,  one  equivalent  of 
oxalic  acid  is  deprived  of  water  and  is  resolved  into  a  gaseous 
mixture  consisting  of  equal  measures  of  carbonic  acid  and  carbonic 
oxide ;  by  allowing  the  mixed  gases  to  pass  through  a  vessel  filled 
with  solution  of  potash,  the  carbonic  acid  is  absorbed,  and  the 
carbonic  oxide  may  be  collected  in  a  state  of  purity.  The  decom- 
position may  be  thus  explained  : — 

Oxalic  acid.  Water.        Carb.  oxide.     Carb.  acid. 

A  convenient  mode  of  washing  the  gas  is  shown  at  b  fig.  245,  the 


Fig.  245. 
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bent  tube  is  connected  to  the  neck  of  the  retort,  a,  and  passes  to 
the  bottom  of  a  wider  tube,  c,  open  both  at  top  and  bottom,  which 
passes  into  the  washing  bottle,  d  :  a  moveable  gas-tight  joint, 
which  can  be  mounted  or  dismounted  in  a  moment,  is  thus 
obtained. 

Carbonic  oxide  and  carbonic  acid,  widely  as  they  differ  in  pro- 
perties, consist,  it  is  evident,  of  the  same  elements ;  but  the  pro- 
portion of  the  two  elements  is  different  in  the  two  cases.  Carbonic 
oxide  is  the  compound  of  carbon  that  contains  the  smallest 
proportion  of  oxygen ;  3  parts  by  weight  of  carbon  are  united  in  this 
gas  with  4  of  oxygen,  or  comparing  the  quantity  of  oxygen  with  the 
proportion  combined  with  i  part  of  hydrogen  to  form  water,  6  of 
carbon  are  in  carbonic  oxide  united  with  8  of  oxygen.  In  carbonic 
acid,  on  the  other  hand,  the  proportion  of  carbon  is  6  parts  by  weight 
of  carbon  to  16  of  oxygen.  Carbonic  oxide  has  been  regarded  as  a 
compound  of  i  equivalent  of  carbon  and  one  of  oxygen,  and  is  repre- 
sented by  the  symbol  CO,  whilst  carbonic  acid  is  regarded  as  a  com- 
pound of  I  equivalent  of  carbon  and  2  equivalents  of  oxygen,  and 
it  is  represented  as  CO2.  The  equivalent  number  of  carbon  will 
therefore  be  6  if  that  of  hydrogen  be  assumed  as  i . 


CHAPTER  V. 

COMPOUNDS    OF    NITROGEN    WITH    OXYGEN    AND    HYDROGEN. 

§  I.  Compounds  of  Nitrogen  with  Oxygen. 

The  affinity  of  nitrogen  for  oxygen  is  much  feebler  than  that 
of  either  carbon  or  hydrogen,  so  that  it  is  not  easy  to  procure  their 
direct  union, — especially  as  the  temperature  emitted  by  nitrogen 
and  oxygen  in  the  act  of  combination  is  comparatively  low. 
Nitrogen,  notwithstanding,  forms  with  oxygen  five  distinct  com- 
pounds, containing,  respectively,  i,  2,  3,  4,  and  5  equivalents  of 
oxygen  with  i  equivalent  of  nitrogen. 

These  compounds  have  been  named 

Composed  by  weight,  of 


Protoxide  of  Nitrogen, 

NO, 

14 

Nitrogen -f   8  Oxygen. 

Beutoxide  of  Nitrogen, 

NO,, 

14 

>} 

+  16        „ 

Nitrous  acid, 

NO3, 

14 

i) 

+  24 

Peroxide  of  Nitrogen 

NO,, 

14 

)i 

+  32 

Nitric  acid 

NO5, 

K  K 

14 

}j 

+  40 
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(304)  Nitric  Acid,  (NO5) ;  eq.  54. — Of  these  compounds  the 
last,  the  nitric  acid,  formerly  called  aquafortis,  is  the  most  im- 
portant. It  was  known  to  the  alchemists,  but  its  true  composition 
was  first  determined  by  Cavendish,  in  1 785.  When  nitrogen  is  mixed 
with  twelve  or  fourteen  times  its  bulk  of  hydrogen,  and  a  jet  of  the 
mixed  gas  is  allowed  to  burn  in  air  or  in  oxygen,  water  is  formed, 
which  has  a  sour  taste  and  an  acid  reaction,  from  the  simultaneous 
formation  of  a  small  quantity  of  nitric  acid.  In  this  case,  the  nitro- 
gen burns  by  the  aid  of  the  heat  developed  during  the  combustion 
of  the  hydrogen,  and  the  nitric  acid  combines  at  once  with  the 
water  formed,  which  much  increases  its  chemical  stability.  It  was, 
indeed,  owing  to  the  accidental  production  of  nitric  acid  in  the 
course  of  his  experiments  on  the  formation  of  water  by  the  com- 
bustion of  hydrogen,  that  Cavendish  was  induced  to  institute  the 
train  of  research  which  terminated  in  this  important  discovery. 
If  1  vols,  of  nitrogen  be  mixed  with  5  vols,  of  oxygen,  in  an  inverted 
syphon  containing  a  few  drops  of  infusion  of  litmus,  each  limb 
plunging  into  a  separate  glass  of  mercury,  and  a  series  of  electric 
sparks  be  passed  through  the  mixture,  the  two  gases  will  slowly  com- 
bine, and  the  litmus  will  be  reddened.  The  heat  of  the  spark  deter- 
mines combination  of  the  gases  just  at  the  spot  through  which  it 
passes,  but  the  action  does  not  extend  further.  In  like  manner,  if  a 
number  of  sparks  be  passed  from  the  electrical  machine,  between  two 
metallic  points,  over  moistened  litmus  paper,  in  air,  a  red  spot  will 
be  produced  upon  the  paper,  owing  to  the  formation  of  nitric  acid 
in  minute  quantity  by  the  combination  of  oxygen  with  nitrogen. 
During  stormy  weather,  and  indeed  whenever  a  flash  of  lightning 
passes  through  a  moist  atmosphere,  the  same  compound  is  pro- 
duced in  appreciable  quantity.  Indeed,  it  is  rare  to  meet  with 
rain  water  in  which  traces  of  nitrate  of  ammonia  may  not  be  detected, 
if  the  experiment  is  made  with  sufficient  attention  to  accuracy. 

Nitric  acid  also  occurs  in  combination  with  potash  or  soda,  in 
the  form  of  an  efflorescence  on  the  soil,  especially  in  tropical 
climates,  as  in  some  parts  of  India  and  Peru.  The  compound 
formed  with  potash  constitutes  the  nitre  or  saltpetre  of  commerce. 
Preparation. — It  is  from  one  of  these  nitrates  that  the  acid 
is  always  obtained  for  chemical  purposes.  When  nitre  is  heated 
with  a  powerful  acid,  such  as  the  sulphuric,  it  is  decomposed ;  a 
combination  of  sulphuric  acid  with  potash  remains  in  the  retort, 
whilst  the  more  volatile  nitric  acid  distils  over,  and  may  be  con- 
densed in  the  usual  manner.  In  preparing  nitric  acid  on  the  small 
scale,  equal  weights  of  nitre  and  strong  oil  of  vitriol  are  placed  in 


NITRIC   ACID ITS    PREPARATION. 


495 


a  glass  retort,  and  the  distillation  is  proceeded  with  in  the  manner 
shown  in  fig.  109,  Part  I.^  p.  236.  The  result  of  the  reaction  may- 
be traced  as  follows  : — 

KO,  NO5  4-  2  (HO,  SO3)  give  HO,  NO5  +  (KO,  HO,  2  SO3) ; 

or,  as  it  may  be  illustrated  more  in  detail. 

Before  decomposition. 

loi  =  I  eq. 
Nitrate  of 
Potash 

eq.  Water 

eq.  Sulphuric  acid 

eq.  Oil  of  vitriol  - 


54=1 
47  =  1 


eq. 
eq. 


Nitric  acid 
Potash 


98  =  2  eqs.  / 
Oil  of 
vitriol 


9  =  1 
40=1 
149  =  I 


After  decomposition. 

eq.  Liquid 
nitric  acid. 


1  eq.  Bisul- 
phate  of 
potash. 

During  the  distillation  red  fumes  appear  in  the  retort,  arising 
from  a  partial  decomposition  of  the  acid,  and  a  formation  of  some 
of  the  lower  oxides  of  nitrogen.  In  the  receiver  a  yellowish  corrosive 
liquid  condenses,  which  fumes  strongly  in  the  air,  and  emits  a  power- 
ful, irritating  odour.  On  the  large  scale,  iron  retorts,  fig.  246,  coated 
with  fire  clay  on  the  inside  of  the  upper  part,  where  they  are  exposed 
to  the  acid  vapours,  are  employed  for  the  distillation,  and  nitrate  of 
soda  is  substituted  for  nitrate  of  potash,  as  it  is  a  cheaper  salt,  and 
likewise  contains  9  per  cent,  more  nitric  acid  than  nitrate  of  potash. 

The  cylinders  or  retorts  are  arranged  in  pairs  in  a  furnace,  so 
that  each  fire  heats  two  cylinders,  as  shown  in  the  section  i. 

Fig.  246. 


\.Mi:  X„<-,»ir''A-i 


The  cylinders  are  supplied  with  a  moveable  lid,  c  dj  at  each 
end.  The  nitrate  is  introduced  into  the  retort,  a,  through  the 
opening  at  c,  which  is  closed  during  the  distillation  by  a  stone  lid, 
which  fits  the  aperture  accurately ;  the  oil  of  vitriol  being  intro- 
duced by  a  funnel  at  e,  after  the  retort  is  closed.     As  soon  as  the 
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acid  is  introduced,  the  funnel  is  withdrawn^  and  the  opening  closed 
with  a  plug.  The  acid  as  it  distils  over  passes  through  the  pipe/, 
and  is  condensed  in  a  series  of  stoneware  bottles,  the  first  of  which 
is  seen  at  b.  The  acid  which  condenses  in  the  first  receiver  is  always 
contaminated  with  sulphuric  acid,  and  that  in  the  last  is  rather 
dilute,  as  water  is  placed  in  it  to  condense  the  nitrous  fumes. 

It  is  usual  upon  the  large  scale  to  employ  a  smaller  quantity 
of  sulphuric  acid,  than  when  the  distillation  is  performed  in  glass 
vessels,  as  it  is  quite  possible  to  effect  a  complete  decomposition  of 
the  nitrate  by  heating  it  with  one-half  its  weight  of  oil  of  vitriol. 
Under  these  circumstances,  however,  a  higher  temperature  is 
needed  to  expel  the  last  portions  of  acid,  and  a  considerable 
quantity  of  the  nitric  acid  is  thereby  decomposed  and  wasted. 
The  residue  in  the  retort,  when  the  smaller  quantity  of  sulphuric 
acid  is  used,  is  much  less  soluble  in  water,  and  consequently  is 
much  more  difficult  of  removal :  in  the  iron  cylinder  of  the  manu- 
facturer this  is  of  no  moment,  as  the  saline  mass  can  easily  be 
detached  by  the  use  of  iron  tools  when  the  distillation  is  at  an  end. 
Tiie  cause  of  these  differences  lies  in  the  fact,  that  sulphuric  acid 
forms  with  potash  two  different  compounds,  one  of  which  contains 
twice  as  much  acid  as  the  other.  When  nitre  and  sulphuric  acid 
are  mixed  in  the  proportion  of  2  equivalents  of  each,  half  the  nitre 
only  is  decomposed,  so  long  as  a  gentle  heat  only  is  employed, 
and  the  acid  sulphate  of  potash  is  formed.  The  nitric  acid  thus 
liberated,  distils  over  readily.  The  following  symbols  show  the 
form  of  this  reaction.*  2  (KO,  NO5)  +  2  (HO,  SO3)  give  (KO,  NO5) 
+  (HO,  NO5)  +  (KO,  HO,  2  SO3).  As  soon  as  the  first  half 
of  the  nitric  acid  has  passed  over,  the  temperature  begins  to  rise, 
and  the  acid  sulphate  of  potash  then  reacts  on  the  undecomposed 
nitre  ;  the  second  half  of  the  nitric  acid  is  liberated,  but  at  the  same 
time  is  partially  decomposed  towards  the  end  of  the  operation,  and 
the  whole  of  the  potash  remains  in  combination  with  sulphuric  acid 


*  The  symbols  employed  in  the  equation  wiU  perhaps  be  more  easily  under- 
stood by  the  following  diagram,  which  represents  the  same  reaction  : — 

Before  decomposition.  After  decomposition. 

^101  =  1  eq.JN'itre     (KO  NO5) loi  =  i  eq.  JS^itre 

202  =  2  eqa.  of  nitre 
2  (KO,  NO5) 


54=1  eq.  Nitric  acid    (NO5) -7  6^  <  nitric  acid, 

47=  I  eq.  Potash  (KO)^     /  (  (HO,  NOj 


98  =  2  eqs.  of  oil  of  f  9=1  ^q.  Water  i^nuy     \  .  ^         ^^  -q._ 

^vit.oi,2Vo,so3)i-=j:^:S^^^.^-X(W 

HO,  2SO3) 


(  I  eq.  liquid 
)3{nf   • 
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in  the  form  of  the  sparingly  soluble  neutral  sulphate.  This  second 
stage  of  the  decomposition  is  exhibited  in  the  subjoined  equation^ 
which  will  be  easily  understood  from  the  foregoing  explanation. 

(KO,  NO5)  +  (KO,  HO,  2  SO3)  =  HO,  NO5  +  2  (KO,  SO3). 

When,  on  the  other  hand,  2  equivalents  of  sulphuric  acid  are  used 
to  I  of  nitre,  the  whole  of  the  potash  is  at  once  converted  into 
the  acid  sulphate,  so  that  the  whole  of  the  nitric  acid  is  liberated 
immediately,  and  distils  readily. 

(KO,N05)  +  2  (HO^SOg)  give  (HO,  N05)  +  (K0,H0,  2  SO3). 

Froperties. — Nitric  acid,  in  the  most  concentrated  form 
in  which  it  can  by  this  process  be  obtained,  is,  when  pure, 
a  colourless,  limpid,  fuming,  powerfully  corrosive  acid  liquid,  of 
sp.  gr.  I  "520.  It  is  the  highest  oxide  of  nitrogen  known  to  exist, 
and  contains  1  equivalent  of  nitrogen  with  5  of  oxygen,  combined 
with  I  equivalent  of  water  (HO,  NO5).  100  parts  of  this  liquid 
contain  85' 7 2  of  the  anhydrous  nitric  acid.  It  is  very  readily 
decomposed,  as  mere  distillation  always  produces  its  partial  decom- 
position. Exposure  to  the  light  of  the  sun  has  a  similar  efiect. 
At  1 84°  it  begins  to  boil,  and  freezes  about  — 40°  F.  Nitric  acid 
very  readily  parts  with  a  portion  of  its  oxygen  to  the  metals,  and 
to  combustible  bodies.  If  it  be  dropped  into  hot  finely  powdered 
charcoal,  the  charcoal  burns  vividly;  if  mixed  with  a  little  oil  of 
vitriol  and  poured  into  oil  of  turpentine,  the  mixture  bursts  into 
flame.  Nitric  acid  acts  violently  upon  tin  or  iron  filings,  especially 
if  they  be  previously  moistened  with  a  few  drops  of  water  :  the  acid 
is  indeed  constantly  employed  by  the  chemist  as  an  oxidizing  agent. 

The  action  of  nitric  acid  upon  the  metals  is  instructive,  and  it 
may  serve  to  illustrate  the  manner  in  which  metallic  bodies  com- 
bine with  the  acids  generally.  The  metals  will  enter  into  direct 
combination  with  many  of  the  simple  non-metallic  bodies  :  thus 
antimony  will  unite  dii'cctly  with  chlorine,  and  will  even  take  fire 
if  allowed  to  fall  into  this  gas  in  fine  powder.  Iron  will  burn  in 
oxygen  :  and  copper  turnings,  if  mixed  with  powdered  sulphur,  will 
combine  with  the  sulphur  on  the  application  of  heat,  emitting  a 
vivid  glow  of  light.  But  no  metal  will  unite  directly  with  an  acid ; 
in  order  that  combination  between  them  should  occur  it  is  neces- 
sary that  the  metal  should  be  in  the  form  of  oxide.  This  oxida- 
tion may,  however,  be  effected  at  the  same  time  that  the  acid  is 
presented  to  the  metal,  and  the  formation  of  the  oxide  and  its 
solution  in  the  acid  may  appear  to  occur  simultaneously.  Zinc,  for 
example,  does  not  unite  as  zinc  with  sulphuric  acid  :  when  this  metal 
is  placed  in  dilute  sulphuric  acid,  the  oxygen  is  supplied  from  the 
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water  which  is  decomposed_,  oxide  of  zinc  is  produced^  and  is  imme- 
diately dissolved  by  the  acid,  whilst  the  hydrogen  escapes  in  the 
gaseous  form.  When  a  metal  such  as  copper  or  silver  is  dissolved 
by  nitric  acid,  a  preliminary  oxidation  is  equally  necessary;  but 
owing  to  the  facility  with  which  nitric  acid  is  deprived  of  a  part  of 
its  oxygen,  this  oxidation  is  usually  effected  at  the  expense  of  the 
nitric  acid,  which  is  decomposed  more  readily  than  water  is ;  some 
of  the  lower  oxides  of  nitrogen  are  liberated  in  the  form  of  ruddy 
fumes,  whilst  the  compound  of  the  metal  with  oxygen  dissolves  in 
another  portion  of  the  acid  which  has  not  undergone  decomposition. 
The  exact  nature  of  the  decomposition  which  the  nitric  acid  expe- 
riences varies  in  different  cases.  Silver  when  allowed  to  dissolve 
slowly  in  the  cold,  in  dilute  nitric  acid,  produces  nitrous  acid 
(NO3)  which  remains  in  solution :  thus  2  Ag  +  3  NO5  becomes 
2  (AgO,N05)  +  NO3,  and  the  metal  dissolves  without  evolution  of 
gas;  and  a  similar  effect  is  produced  by  palladium.  With  metals 
which,  like  copper  and  mercury,  have  a  somewhat  stronger  affinity 
for  oxygen,  deutoxide  of  nitrogen  (NOg)  is  disengaged  in  large 
quantity;  for  example,  3CU  +  4NO5  =  NO2  +  3  (CuO,  NO5)  :  and 
if  the  metal  have  a  still  more  powerful  tendency  to  combine  with 
oxygen,  as  is  the  case  with  zinc,  the  protoxide  of  nitrogen  (NO)  is, 
if  the  acid  be  dilute,  amongst  the  gases  disengaged  :  4  Zn  -f  5  NOg 
would  produce  NO  +  4  (ZnO,  NOg).  Zinc  and  tin  also  decompose 
water  as  well  as  nitric  acid  when  dissolved  in  the  acid,  setting 
hydrogen  free,  and  the  hydrogen  at  the  moment  of  its  liberation 
completely  deprives  a  portion  of  nitric  acid  of  its  oxygen,  and  forms 
ammonia  (H3N),  by  entering  into  combination  with  the  liberated 
nitrogen ;  for  instance,  8  Zn  +  8  HO  +  8  NOg  =  8  (ZnO,  NOg)  +  8  H, 
and  NOg +  8  H  yield  5  HO  +  H3N.  In  order  to  produce  a  rapid 
oxidation  of  the  metals  it  is  best  to  dilute  the  acid  until  it  has  a 
specific  gravity  between  i'25  and  1*35  ;  the  action  is  then  very  brisk. 
Nitric  acid  is  one  of  the  most  corrosive  substances  known :  it 
turns  wool,  feathers,  the  skin,  and  all  animal  matters  containing 
albumen,  of  a  bright  yellow  colour.  When  the  concentrated  acid 
is  exposed  to  the  air,  it  absorbs  moisture ;  and  if  mixed  with  water  it 
emits  a  sensible  amount  of  heat,  owing  to  the  formation  of  another 
hydrate  of  much  greater  stability. 

This  stable  hydrate  contains  4  equivalents  of  water  and  i  of 
nitric  acid  (HO,  NOg  +  3  aq)  :  it  has  a  specific  gravity  of  i  "424,  and 
is  composed  of  60  per  cent,  of  anhydrous  acid,  and  40  of  water. 
This  hydrate  has  a  higher  boiling  point  than  the  protohydrate, 
and  distils  at  250°  without  change.  A  weaker  acid  parts  with  its 
water  when  heated,  till  it  arrives  at   this   density,  and   a  stronger 
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acid,  in  like  manner,  loses  acid;  the  liquid  in  the  retort  being 
eventually,  in  botli  cases,  reduced  to  the  hydrate  with  4  equiva- 
lents of  water,  of  sp.  gr.  i'424.  According  to  Bineau,  the  vapour 
of  this  hydrate  has  a  density  of  1*243.  ^^^  volumes  of  this  vapour 
contain  i  equivalent  of  the  acid. 

Anhydrous  Nitric  Acid. — Nitric  acid  may  be  obtained  in  an 
anhydrous  condition  (Deville,  Ann.  de  Chimie,  III.  xxviii.  241),  in 
which  state  it  forms  perfectly  transparent,  brilliant,  colourless  crys- 
tals, derived  from  the  right  rhombic  prism:  they  melt  at  85°  and  boil 
at  113°  F. :  about  this  temperature  the  compound  begins  to  undergo 
decomposition.  Sometimes  the  crystals,  even  if  kept  in  sealed  tubes, 
undergo  decomposition  at  the  ordinary  atmospheric  temperature, 
and  the  tube  bursts  with  a  dangerous  explosion  from  the  pressure 
exerted  by  the  liberated  gases.  The  crystals  dissolve  rapidly  in 
water,  emitting  much  heat,  and  producing  ordinary  nitric  acid. 

Anhydrous  nitric  acid  may  be  prepared  by  passing  a  uniform 
current  of  perfectly  dry  chlorine  gas  very  slowly  over  crystals  of  well 
dried  nitrate  of  silver;  the  salt  is  heated  to  about  200°  at  first,  till  the 
decomposition  has  commenced,  and  the  temperature  is  then  lowered 
to  about  150°  F.  The  operation  is  one  of  considerable  delicacy,  and 
requires  attention  to  a  number  of  minute  precautions,  for  the  details 
of  which  the  reader  is  referred  to  M.  Deville^s  paper.  The  apparatus 
required  is  shown  in  fig.  247.  a  is  a  vessel  of  concentrated  sulphuric 
acid:  the  acid  is  drawn  ofi'from  it  by  means  of  the  syphon,  and  allowed 

Fig.  247. 


500 


PREPARATION    AND    ANALYSIS    OF 


to  flow  into  the  vessel  b,  in  a  very  slender  stream,  which  can  be 
regulated  Ly  the  glass  stopcock ;  b  has  also  been  filled  with  sul- 
phuric acid_,  and  subsequently  charged  with  pure  dry  chlorine  by 
means  of  the  bent  tubes  at  b.  c  is  a  tube  filled  with  dry  chloride 
of  calcium  ;  d  a  tube  filled  with  pumice  moistened  with  sulphuric 
acid ;  E  a  wide  tube  filled  with  nitrate  of  silver  in  crystals,  immersed 
in  a  bath  of  oil ;  f  the  receiver  for  the  anhydrous  nitric  acid,  which 
is  kept  cool  by  a  freezing  mixture  of  ice  and  salt.  The  tubes,  e 
and  F,  are  made  of  one  continuous  piece  of  glass,  as  the  acid  imme- 
diately attacks  and  destroys  cork  or  caoutchouc  joints  :  a  portion  of 
one  of  the  lower  oxides  of  nitrogen  is  liquefied  and  collects  in  the 
bulb  in  F,  and  is  thus  separated.  The  chlorine  displaces  the  nitric 
acid  and  oxygen  from  the  nitrate  of  silver;  chloride  of  silver  is  formed, 
and  the  nitric  acid  and  oxygen  escape.  By  surrounding  the  receiver, 
F,  with  a  freezing  mixture,  the  nitric  acid  is  condensed  in  crystals. 
The  decomposition  is  of  the  following  simple  character  : — 


Nitrate  silver. 


Chlor.  silver. 


Nitric  acid. 


Ag  O,  NO5  +  CI  give  Ag  CI  +  O  +  NO5. 

The  composition  of  anhydrous  nitric  acid  was  determined  by 

M.  Deville,  by  esti- 


FiG.  248. 


mating  the  quantity 
of  nitrogen  which  a 
given  weight  of  the 
acid  furnished  after 
the  oxygen  had  been 
removed  from  it  by 
heating  it  in  contact 
with  copper,  which 
rapidly  combines 
with  the  oxygen  at 
a  high  tempera- 
ture. The  experi- 
ment was  conducted 
as  follows : — Having 
transferred  into  a 
small  tube  {a,  fig. 
249),  the  weight  of 
which  is  accurately 
known,  7  or  8  grains 
of  the  crystals,  the 
capillary  tubes  are 
closed,      and      the 
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weight  again  determined  exactly ;  a  tube_,  s  t,  of  hard  glass,  from 
twenty-four  to  thirty  inches  long,  and  open  at  both  ends,  is  filled  for 
about  two-thirds  of  its  length  with  copper  turnings  ;  the  little  tube, 
a,  of  nitric  acid  is  then  introduced ;  metallic  copper  in  a  state  of 
fine  subdivision  is  then  carefully  packed  around  the  tube,  a,  and 
the  remaining  portion,  b,  of  the  long  tube,  s  t,  is  filled  up  with  a 
mixture  of  bicarbonate  of  soda  and  finely  divided  copper.  The  tube, 
s  t,  may  now  be  placed  in  a  long  sheet-iron  furnace,  e,  fig.  248  ;  one 
limb  of  the  three-branched  glass  tube,  /,  is  attached  by  means  of 
a  sound  cork  to  the  end,  t,  of  the  tube  s  t ;  to  another  limb  of  the 
piece,  /,  a  caoutchouc  joint  connects  the  bent  tube,  c  c,  which  is 
upwards  of  thirty  inches  long,  and  is  designed  to  convey  the  gases 
produced  in  the  course  of  the  operation  into  a  graduated  jar,  i,  stand- 
ing in  the  mercurial  bath.  The  upper  part  of  this  jar  contains 
a  small  quantity  of  a  strong  solution  of  potash.  Into  the  end,  s,  of 
the  long  tube,  shown  upon  an  enlarged  scale  in  fig.  249,  is  a  second 


cork  and  tube  of  caoutchouc,  through  which  a  glass  rod,  dj  slides 
stiffly ;  the  object  of  this  rod  is  to  enable  the  operator  to  break  the 
end  of  the  little  tube,  a,  and  liberate  the  vapours  of  the  nitric  acid 
when  everything  is  prepared.  It  is  necessary  first  to  get  rid  of  the 
air  which  the  apparatus  contains.  For  this  purpose  the  third  limb  of 
the  piece,  I,  is  connected  with  an  exhausting  syringe,  m,  the  air  with- 
drawn, and  the  tube,  I,  sealed  by  the  blowpipe  or  closed  by  a 
stopcock.  A  few  pieces  of  lighted  charcoal  are  introduced  into 
the  sheet-iron  furnace,  e,  and  applied  near  the  end,  s,  to  dis- 
engage the  carbonic  acid  gas  from  the  bicarbonate  of  soda;  this 
gas  gradually  sweeps  out  the  remaining  traces  of  air  from 
the  apparatus,  and  when  at  length  the  bubbles  which  escape 
through  the  tube,  c,  are  wholly  absorbed  by  a  solution  of  potash, 
the  air  may  be  considered  to  have  been  expelled.  Care  is  taken 
not  to  decompose  the  whole  of  the  bicarbonate  of  soda  at  this  stage 
of  the  process,  as  a  portion  will  be  required  to  sweep  out  the  gas 
left  in  the  tube  after  the  operation  is  complete.  The  copper  in  the 
front  of  the  tube  is  now  heated  by  placing  ignited  charcoal  around 
it,  and  the  point  of  the  little  tube,  «,  is  broken  by  thrusting  the 
blunt  end  of  the  rod,  d,  against  it ;  the  vapour  of  the  nitric  acid 
passes  slowly  over  the  heated  copper,  by  which  the  acid  is  decom- 
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posed;  the  oxygen  is  wholly  absorbed  by  the  copper,  and  the 
nitrogen  passes  into  the  mercurial  jar,  i.  AVhen  the  decomposition 
is  concluded,  the  gas  which  remains  in  the  glass  tube,  s  t,  is  swept 
into  the  jar,  i,  by  carbonic  acid,  which  is  obtained  by  heating  the 
remainder  of  the  bicarbonate  of  soda.  The  carbonic  acid  is  entirely 
absorbed  by  the  potash,  and  pure  nitrogen  remains ;  the  volume  of 
this  gas  is  carefully  measured,  and  corrected  according  to  the 
temperature  and  the  pressure  of  the  air ;  then  the  weight  of  the 
nitrogen  is  easily  calculated.  M.  Deville  found  in  one  of  his 
experiments  that  547  milligrammes  of  acid  gave  116  cubic  centi- 
metres of  gas  at  a  temperature  of  5°* 2  C.  whilst  moist  and  under  a 
barometric  pressure  of  757  millimetres.  This,  when  corrected,  gives 
in  100  parts  of  the  acid  by  weight,  25*9  of  nitrogen ;  the  deficiency, 
74' I,  is  oxygen  :  or  14  parts  of  nitrogen  are  united  with  40  of  oxygen. 

(305)  Hydrated  nitric  acid  is  liable  to  be  contaminated  with  a 
variety  of  impurities,  of  which  sulphuric  acid,  chlorine,  potash,  and 
oxide  of  iron  are  the  most  frequent.  Its  usual  yellow  or  red  colour  is 
owing  to  the  presence  of  the  lower  oxides  of  nitrogen.  It  should  leave 
no  fixed  residue  when  evaporated  on  a  slip  of  glass,  and  give  no  preci- 
pitate when  diluted  with  three  or  four  times  its  bulk  of  water,  and 
tested  for  sulphuric  acid  with  nitrate  of  baryta,  and  for  chlorine  with 
nitrate  of  silver.  It  may  readily  be  obtained  free  from  all  impurities, 
except  the  lower  oxides  of  nitrogen,  by  distilling  it  a  second  time ; 
if  chlorine  be  present,  nitrate  of  silver  may  be  added  previously, 
so  long  as  the  silver  salt  occasions  a  precipitate;  or  a  silver  coin 
may  be  dissolved  in  the  acid,  after  which  the  rectification  may  be 
proceeded  with. 

Nitrates. — Nitric  acid  combines  with  one  equivalent  of  the 
various  bases  to  form  the  class  of  salts  termed  nitrates:  no  acid 
nitrates  are  known  to  exist,  but  several  subnitrates  may  be  formed ; 
that  is  to  say,  salts  may  be  formed  which  contain  more  than  one 
equivalent  of  base  for  each  equivalent  of  acid ;  such  for  instance,  as 
subnitrate  of  copper  (3  CuO,  NOg,  HO).  When  heated,  most  of  the 
nitrates  fuse  readily  :  at  an  elevated  temperature  they  are  all 
decomposed,  and  in  most  cases  the  pure  oxide  of  the  metal  is  left. 
When  thrown  on  glowing  coals,  the  nitrates  are  decomposed  with 
scintillation ;  if  dissolved  in  water,  and  paper  be  moistened  with 
the  solution,  allowed  to  dry,  and  then  burned,  the  smouldering 
combustion  characteristic  of  touch-paper  will  be  produced.  This 
property  is  however  also  exhibited  by  the  salts  of  some  other  acids 
of  which  the  chloric  is  the  most  important. 

There  is  no  ready  method  of  precipitating  nitric  acid  from  its 
solutions,  since  all  its  compounds   dissolve  in  water   more  or  less 
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freely.  Various  indirect  metliods  have  been  proposed  for  ascertain- 
ing its  presence.  One  of  the  best  consists  in  neutralizing  the 
solution,  if  acid,  with  potash,  and  evaporating  nearly  to  dryness  ; 
then  adding  a  few  copper  clippings_,  and  heating  the  mixture  with  a 
little  oil  of  vitriol.  The  copper  combines  with  a  portion  of  the 
oxygen  of  the  nitric  acid,  and  decomposes  the  acid,  and  charac- 
teristic red  fumes  of  peroxide  of  nitrogen  show  themselves,  if  nitric 
acid  be  present.  A  still  smaller  quantity  of  the  acid  may  be 
detected  by  substituting  a  crystal  of  green  sulphate  of  iron  for  the 
copper,  before  adding  the  oil  of  vitriol :  on  the  application  of  a 
gentle  heat  in  this  case,  the  characteristic  action  consists  in  the 
formation  of  an  olive  green  solution,  the  colour  of  which  disappears 
on  boiling ;  the  nitrous  acid  gas,  formed  by  the  deoxidizing  action  of 
one  portion  of  the  iron  salt,  dissolves,  with  the  distinctive  green  colour, 
in  the  solution  of  the  unoxidized  part  of  the  salt.  If  a  few  drops  of 
hydrochloric  acid  be  added  to  a  solution  which  contains  free  nitric 
acid,  or  a  nitrate  in  solution,  the  liquid  acquires  the  power  of  dis- 
solving gold  leaf.  This  effect,  however,  is  produced  by  hydrochloric 
acid  in  solutions  of  the  iodates,  chlorates,  and  bromates,  but  the 
presence  of  these  salts  may  be  detected  by  other  characters. 

The  following  is  an  abridgment  of  a  table  giving  the  per-centage 
of  anhydrous  nitric  acid  contained  in  aqueous  solutions  of  nitric 
acid  of  various  specific  gravities,  as  determined  by  Dr.  Ure. 


Specific 

NO5  in  100 

Specific 

NO5  in  100 

gravity. 

parts  by  weight. 

gravity. 

parts  by  weight. 

1-5000 

79-700 

1-2887 

39*053 

1-4940 

77303 

1-2705 

36662 

1-4850 

74-918 

1-2523 

34-271 

1-4760 

72-527 

1*2341 

31-880 

1-4670 

70-136 

I-2148 

29489 

I  4570 

67-745 

1-1958 

27-098 

1-4460 

65354 

1-1770 

24-707 

I '4346 

62963 

1-1587 

22-316 

I-422S 

60-572 

I-1403 

19-925 

I-4107 

58-181 

I-1227 

17*534 

i'397« 

55-790 

I -105 1 

15-143 

r3«33 

53-399 

1-0878 

12-752 

1-3681 

51-068 

1-0708 

10-361 

I  "3529 

48-617 

1-0540 

7970 

1*3376 

46-226 

1*0375 

5-579 

1-3216 

43-835 

I-02I2 

3-188 

1-3056 

41-444 

1-0053 

0-797 

(306)  Protoxide  or  Nitrogen,  or  Nitrous  Oxide,  (NO);  Equi- 
valent, 22;  Specific  Gravity,  1*527;  Combining  Volume,  2. — If  nitric 
acid,  diluted  with  about  16  parts  of  water,  be  digested  on  metallic 
zinc,  the  metal  deoxidizes  the  acid^  and  a  colourless  gas  is  given  ofl^ 
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composed  of  i  equivalent  of  nitrogen  united  with  i  equivalent  of 
oxygen  :  but  to  obtain  the  gas  in  a  pure  state  it  is  better  to  heat 
nitrate  of  ammonia  (H^NO.NOg),  (the  salt  furnished  by  neutrahzing 
pure  nitric  acid  with  carbonate  of  ammonia)  in  a  glass  retort ;  the 
salt  quickly  melts^  and  at  a  temperature  of  between  400°  and  500° 
apparently  begins  to  boil,  but  in  reality  it  is  undergoing  decompo- 
sition, by  which  it  is  entirely  resolved  into  the  gaseous  protoxide 
of  nitrogen  and  steam.  The  temperature  must  be  carefully  watched, 
and  not  be  allowed  to  rise  so  high  as  to  occasion  the  production  of 
white  vapours  in  the  retort,  as  the  decomposition  is  then  apt  to 
occur  with  explosive  violence.  The  reaction  may  be  explained  as 
follows  : — Ammonia  is  a  compound  of  nitrogen  with  hydrogen. 
When  the  nitrate  of  ammonia  is  heated,  the  hydrogen  of  the 
ammonia  combines  with  part  of  the  oxygen  of  the  nitric  acid, 
forming  water,  whilst  the  nitrogen  of  the  ammonia  at  the  same 
time  becomes  oxidized  at  the  expense  of  another  part  of  the  oxygen 
of  the  nitric  acid.  The  result  is  that  the  whole  of  the  nitrogen,  both 
of  the  nitric  acid  and  of  the  ammonia^  is  liberated  in  the  form  oi 
protoxide  of  nitrogen  :  thus, 

Nitrate  ammonia.  Protox.  nitrogen.   Water. 

H3N,  HO,  NO5  becomes  2NO  +  4HO. 

An  ounce  of  the  salt  furnishes  about  500  cubic  inches  of  the  gas. 

Properties. — Protoxide  of  nitrogen  is  a  transparent,  colourless 
gas,  with  a  faint  sweetish  smell  and  taste :  it  is  soluble  in  about 
three-fourths  of  its  bulk  of  cold  water.  Owing  to  this  circumstance, 
it  should  be  collected  over  warm  water,  which  dissolves  it  much  less 
freely.  Under  a  pressure  of  50  atmospheres  at  45°,  it  is  reducible  to  a 
colourless  liquid,  which  may  be  frozen  into  a  transparent  solid  about 
— 150  F.  (Faraday).  When  the  liquid  protoxide  is  mixed  with  bisul- 
phide of  carbon  and  exposed  to  evaporation  in  vacuo,  M.  Natterer 
obtained  a  reduction  of  temperature  which  he  estimated  at — 320° 
F. ;  this  is  a  lower  point  than  has  hitherto  been  attained  by  any 
other  means.  The  gaseous  protoxide  of  nitrogen  has  a  specific 
gravity  of  1*527,  which  coincides  with  that  of  carbonic  acid.  This 
gas  possesses  the  qualities  neither  of  an  acid  nor  of  an  alkali.  It 
supports  the  combustion  of  many  bodies  with  a  brilliancy  resembling 
that  which  they  exhibit  in  oxygen.  It  is,  however,  at  once  dis- 
tinguished from  oxygen  by  its  considerable  solubility  in  water.  A 
glowing  match  bursts  into  flame  w^hen  plunged  into  the  protoxide : 
sulphur  burns  in  it  with  a  pale  rose-coloured  flame. 

Soon  after  the  discovery  of  the  protoxide  of  nitrogen,  Sir  H. 
Davy  ascertained  that  it  may  be  respired  for  a  few  minutes  :    it 
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then  produces  a  singular  species  of  transient  intoxication^  attended 
in  many  instances  with  an  irresistible  propensity  to  muscular  exer- 
tion, and  often  to  uncontrollable  laughter;  hence  the  gas  has  acquired 
the  popular  name  of  laughing-gas.    Different  individuals  are  affected 
in  different  degrees  and  in  various  ways,  according  to  the  tempera- 
ment of  each.      In  plethoric  persons,  where  there  is  any  tendency  to 
over  active  circulation  through  the  brain,  the  experiment  is  not  a  safe 
one.      The  intoxicating  effects  pass  off  in  a  few  minutes,  and  fre- 
quently  no  recollection  of  what  has  passed  is  retained,  and  no 
lassitude  is  perceived  after  the  extreme  exertion.      When  the  gas 
is  to  be  respired,    great   attention  to  its  purity  is  requisite ;  the 
nitrate  of  ammonia  from  which  it  is  prepared  must  be  perfectly  free 
from  hydrochloric   acid,  as   otherwise  a  little  chlorine  might  be 
liberated,  which,  if  breathed,  would  be  highly  irritating  to  the  lungs. 
Composition. — If  protoxide   of  nitrogen  be  passed  repeatedly 
through  a  porcelain  tube  heated  to  bright  redness,  the  gas  is  decom- 
posed into  a  mixture  of  oxygen  and  nitrogen,  2  volumes  become  ex- 
panded permanently  into  the  space  of  3  volumes.    An  easy  method  of 
analysing  the  protoxide  of  nitrogen  consists  in  mixing  it  with  hydro- 
gen, and  passing  an  electric  spark  through  the  mixture.  If  4  measures 
of  protoxide  of  nitrogen  be  mixed  with  an  excess  of  hydrogen  gas, 
say  with  6  measures  of  hydrogen,  in  the  bent  eudiometer,  fig.  239, 
10  measures  of  mixed  gas  will  be  produced;  and  on  transmitting 
the  electric    spark,  inflammation  will  occur ;   steam  will  be  formed 
by  the  oxidation  of  the  hydrogen,  and  will  immediately  condense ; 
the  10  measures  will  thus  be  reduced  to  6 :  but  the  quantity  of 
oxygen  contained  in  the  protoxide  of  nitrogen  cannot  be  at  once 
inferred  from  this  change  of  bulk  :  before  this  can  be  done  it  is 
needful  to  ascertain  how  much  hydrogen  is  left  in  the  mixture. 
This  may  be  effected  by  mixing  the  6  remaining  measures  with  2 
measures  of  oxygen,    thus   making  8  measures,  and  again  trans- 
mitting the  electric  spark.      Steam  will  again  be  formed,  and  will 
immediately  condense,  the  8  measures  of  the  mixture  will  now  be 
reduced  to  5  :  3  measures  of  the  gas  will  therefore  have  disappeared, 
two-thirds  of  which,  or  2  measures,  are  hydrogen  :   1  measure  of  the 
the  gas  now  left  must  consequently  be  oxygen  which  was  added  in 
excess,  and  the  remaining  4  volumes  are  nitrogen.      Of  the  6  mea- 
sures of  hydrogen  originally  added,  4  have  therefore  combined  with 
oxygen  derived  from  the  protoxide  ;  and  since  4  measures  of  hydro- 
gen require  2  measures  of  oxygen  for  conversion  into  water,  the  4 
measures  of  the  protoxide  must  have  contained  2  measures  of  oxygen. 
It  appears,  also,  that  protoxide  of  nitrogen  contains  its  own  bulk  of 
nitrogen,  since  the  4  measures  of  the  gas  originally  employed  furnish 
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4  measures  of  nitrogen;  this  nitrogen  is  moreover  so  combined 
with  %  measures  of  oxygen^  that  the  6  measures  of  the  two  gases 
when  united  have  condensed  into  the  space  of  4  measures,  or  into 
two-thirds  of  the  bulk  which  they  occupied  when  separate.  The 
specific  gravity  of  the  gas  shows  that  this  conclusion  is  correct : — 

grains. 

For  100  cubic  inches  of  nitrogen  weigh     .      .      .        30*12 
50  cubic  inches  of  oxygen 17*10 

They  give  100  cubic  inches  of  protoxide  of  nitro-', 


:1 


gen,  and  weigh 

The  proportion  of  nitrogen  contained  in  the  gas  may  also  be  ascer- 
tained by  means  of  potassium :  for  if  potassium  be  heated  in  pro- 
toxide of  nitrogen,  it  burns  vividly,  and  is  converted  into  potash, 
leaving  a  volume  of  nitrogen  equal  to  that  of  the  gas  employed. 

(307)  Deutoxide  of  Nitrogen:  Binoxide  of  Nitrogen^  or  Nitric 
Owide,  (NO2);  Eq.  30;  Sp.  Gr.  1*039;  Combining  Volume,^. — 
If  nitric  acid  be  diluted  with  twice  its  bulk  of  water,  so  as  to 
reduce  it  to  a  specific  gravity  of  about  1*2,  and  be  poured  upon 
copper  clippings  or  metallic  mercury  placed  in  a  retort,  brisk 
action  speedily  occurs ;  a  gentle  heat,  if  necessary,  may  be  applied 
until  it  commences ;  the  retort  becomes  filled  with  red  fumes,  and 
a  gas  is  disengaged,  which  if  collected  over  water  will  be  found  to 
be  colourless.  During  this  decomposition,  i  equivalent  of  nitric 
acid  loses  3  equivalents  of  oxygen,  and  gives  ofi"  i  equivalent  of 
deutoxide  of  nitrogen,  the  metal  taking  oxygen  from  one  portion 
of  the  acid,  and  forming  an  oxide  which  dissolves  in  a  portion  of 
the  undecomposed  acid.  The  following  equation  shows  the  reac- 
tion which  occurs  between  3  equivalents  of  copper  and  4  of  nitric 
acid,  resulting  in  the  formation  of  i  equivalent  of  deutoxide  of 
nitrogen,  and  3  equivalents  of  nitrate  of  copper : — 

Copper.  Nitric  acid.  Nitrate  copper.        Deutox.  nitrogen. 

VSi  +  4'^5)  =  3'(CuO,  NO5)  +  NO^ 
The  deutoxide  may  also  be  obtained  perfectly  pure  by  digesting 
hydrochloric  acid  with  iron  filings  till  it  will  dissolve  no  more,  de- 
canting the  clear  liquid,  and  adding  to  it  its  own  bulk  of  hydro- 
chloric acid  :  on  placing  the  solution  in  a  retort,  and  adding  nitrate 
of  potash,  the  deutoxide  of  nitrogen  is  immediately  evolved  in  large 
quantity.  The  reaction  is  not  so  simple  as  in  the  preceding  case ; 
it  is  represented  as  follows : — 

Protochlor.  Hydrochlor.         Nitrate  Perchlor.  w  t  r        Chloride     Deutoxide 

iron.  acid.  potash.  iron.  water,     potassium,     nitrogen. 

d'iCci  +  ^bEi^  +  KoTFos  give  3  (i^cia)  +  4H0  +^Gi  +'^or' 
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The  gas  has  a  strong  disagreeable  odour,  and  cannot  be  respired. 
The  deutoxide  of  nitrogen  has  hitherto  resisted  all  attempts  to  liquefy 
it.  Water  does  not  dissolve  more  than  ^Vth  of  its  bulk.  Many- 
burning  bodies,,  such,  for  instance,  as  a  lighted  taper,  or  phosphorus 
just  kindled,  are  extinguished  when  plunged  into  the  gas ;  but  a 
decomposition  of  the  gas  will  be  effected  if  the  phosphorus  be 
burning  vigorously,  and  it  will  deflagrate  with  a  brilliancy  equal  to 
that  produced  by  its  combustion  in  oxygen.  The  composition  of 
the  deutoxide  cannot  be  ascertained  by  detonation  with  hydrogen ; 
for  equal  volumes  of  hydrogen  and  of  the  deutoxide  bum  quietly 
with  a  green  flame  on  the  approach  of  a  light.  Gay  Lussac  analysed 
the  deutoxide  of  nitrogen  by  heating  charcoal  strongly  in  it;  4 
volumes  of  the  gas  by  this  treatment  furnish  %  volumes  of  nitro- 
gen, and  2  volumes  of  carbonic  acid;  but  carbonic  acid  contains 
its  own  volume  of  oxygen;  the  deutoxide  must  therefore  have 
consisted  of  2  volumes  of  nitrogen  united  without  condensation 
with  1  volumes  of  oxygen.  The  density  of  the  gas  confirms  the 
correctness  of  this  result,  for  by  experiment  100  cubic  inches  weigh 
rather  more  than  32  grains,  and  by  calculation, 

50  cubic  inches  of  oxygen  weigh     .      .      .      17*10 
50  cubic  inches  of  nitrogen        ....      i5*o5 

100  cubic  inches  of  binoxide  of  nitrogen  .      32*16 

Potassium  burns  when  heated  in  the  gas,  potash  being  produced. 
If  the  experiment  be  conducted  in  such  a  manner  as  to  allow  of 
the  residual  gas  being  measured  after  the  combustion  is  over,  4 
volumes  of  the  deutoxide  will  be  found  to  leave  2  volumes  of 
nitrogen. 

Deutoxide  of  nitrogen  is  completely  absorbed  by  a  solution  of 
protosulphate  of  iron,  and  forms  a  deep  olive-green  liquid.  All 
the  proto-salts  of  iron  exert  a  similar  action,  and  according  to 
Peligot,  4  equivalents  of  the  salt  of  iron  absorb  i  equivalent  of 
the  deutoxide,  4  (FeO,  SO3)  4-  NO2.  The  deep  colour  of  the  liquid 
thus  formed  is  employed,  as  has  already  been  mentioned  (305),  for 
the  purpose  of  ascertaining  the  presence  of  nitric  acid  in  solution. 
This  green  liquid  rapidly  absorbs  oxygen  from  the  air  or  from 
gaseous  mixtures ;  when  heated,  most  of  the  deutoxide  is  expelled 
from  it  unchanged.  Solutions  of  the  proto-salts  of  tin  and  of  mercury 
also  absorb  the  deutoxide  of  nitrogen,  but  they  undergo  change, 
and  the  gas  cannot  again  be  expelled  from  them  by  heat.  Nitric  acid 
also  rapidly  absorbs  the  gas.  If  the  acid  be  concentrated^  the  solu- 
tion becomes  reddish  brown ;  if  more  diluted,  it  is  green ;  if  still 
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weaker,  the  solution  is  blue,  and  if  diluted  below  a  specific  gravity  of 
1*15,  little  of  the  gas  is  absorbed  and  the  acid  remains  colourless. 
The  deutoxide  of  nitrogen  is  neither  acid  nor  alkaline  in  its 
characters.  It  has,  however,  a  very  powerful  affinity  for  oxygen, 
and  to  this  circumstance  is  owing  one  of  the  most  characteristic 
properties  of  the  gas.  When  mixed  with  oxygen,  or  with  any  gas 
containing  uncombined  oxygen,  dense  red  fumes  are  produced. 
These  red  fumes  are  freely  soluble  in  water,  and  furnish  an  acid 
liquid.  Formerly  this  circumstance  was  employed  to  determine 
the  quantity  of  oxygen  in  mixture  with  other  gases;  but  the 
method  is  now  abandoned,  as  the  absorption  is  not  uniform,  owiug 
to  the  formation  in  uncertain  quantity  of  a  mixture  of  several 
soluble  oxides  of  nitrogen.  It  may,  however,  be  used  with  advan- 
tage as  a  qualitative  test  to  demonstrate  the  existence  of  uncom- 
bined oxygen  in  a  gaseous  mixture. 

(308)  Nitrous  Acid:  Hyponitrous  Acid,  (NO3);  Equivalent,  '^^, 
— By  mixing  in  an  exhausted  flask  4  volumes  of  deutoxide  of 
nitrogen  with  i  volume  of  oxygen,  both  in  a  perfectly  dry  state, 
brownish-red  fumes  form,  which  at  a  cold  of  0°  F.  condense  to  a  blue 
very  volatile  liquid ;  water  immediately  decomposes  it  into  nitric 
acid  and  deutoxide  of  nitrogen.  The  presence  of  a  small  quantity 
of  water  converts  the  blue  into  a  dark  green  liquid,  but  a  larger 
quantity  decomposes  it  with  effervescence :  nitric  acid  is  formed, 
and  deutoxide  of  nitrogen  escapes.  This  reaction  may  be  thus 
represented : — 

HO  -f  3  NO3,  give  HO,  NO5  +  2  NO2. 

Though  in  its  uncombined  form  nitrous  acid  is  decomposed  with 
such  facility,  yet  it  forms  permanent  compounds  with  the  alkalies. 
If  deutoxide  of  nitrogen  be  placed  over  a  solution  of  caustic  potash, 
and  small  quantities  of  oxygen  be  added,  nitrite  of  potash  is  pro- 
duced in  the  liquid ;  and  if  nitre,  or  nitrate  of  soda,  be  heated  to 
redness  until  the  gas  which  is  evolved  begins  to  contain  nitrogen, 
the  residue  will  be  found  composed  chiefly  of  nitrite  of  potash,  or 
soda.  These  nitrites  dissolve  in  alcohol,  and  may  thus  be  sepa- 
rated from  the  corresponding  nitrates,  which  are  insoluble.  If  the 
nitrite  either  of  potash  or  of  soda  be  dissolved  in  water,  and  nitrate 
of  silver  be  added,  a  sparingly  soluble  nitrite  of  silver  precipitates. 
By  dissolving  this  precipitate  in  hot  water,  it  is  obtained  pure  in 
crystals  as  the  liquid  cools.  When  a  fragment  of  nitrite  of  potash 
is  moistened  with  a  solution  of  sulphate  of  copper,  it  strikes  a 
brilliant  green  colour,  which  is  quite  characteristic.      The  addition 
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of  acetic  acid  to  a  solution  of  a  nitrite  decomposes  the  salt,  and  the 
liquid  then  strikes  an  olive-green  colour  on  adding  a  solution  of 
protosulphate  of  iron. 

(309)  Peroxide  op  Nitrogen  :  Hyponitric  Acid,  (formerly 
called  Nitrous  Acid,)  NO4,  Eq.  46. — The  red  fumes  which  appear 
on  mixing  the  deutoxide  of  nitrogen  with  atmospheric  air  consist 
mainly  of  this  compound : — 2  A'olumes  of  oxygen  and  4  volumes 
of  the  deutoxide  of  nitrogen  in  combining  condense  into  the  space 
of  4  volumes;  hence  its  specific  gravity  should  be  i'59i.  Peroxide 
of  nitrogen  may  be  procured  in  prismatic  crystals  by  passing  4 
volumes  of  the  deutoxide  and  2  volumes  of  oxygen,  both  perfectly 
dry,  into  tubes  previously  dried  with  scrupulous  care,  and  cooled 
down  by  a  mixtm-e  of  ice  and  salt.  (Peligot,  Ann,  de  Chimie,  Til., 
ii.,  61.)  These  crystals  melt  at  16°  F.;  at  the  ordinary  tempera- 
ture of  the  air  they  form  an  orange-coloured  liquid,  which  boils  at 
71°  F.,  and  produces  a  deep  red  vapour.  It  is  "remarkable  that 
after  this  compound  has  once  been  melted  it  does  not  freeze  even 
at  0°.  This  substance  is  decomposed  by  water  with  singular 
facility ;  the  minutest  trace  of  water  is  sufficient  to  prevent  the 
formation  of  the  crystalline  compound,  occasioning  in  its  stead  the 
production  of  a  green  liquid,  probably  NO3  +  NO5  -|-  aq,  similar 
to  that  obtained  by  the  distillation  of  nitrate  of  lead.  The  peroxide 
of  nitrogen  was  long  considered  to  possess  acid  properties,  and 
hence  was  termed  nitrous  acid.  It,  however,  does  not  enter  into 
combination  with  bases,  but  is  immediately  decomposed  by  them 
into  nitric  and  nitrous  acids ;  2  equivalents  of  the  peroxide  of 
nitrogen  and  2  equivalents  of  potash  yielding  i  equivalent  each  of 
nitrate  and  nitrite  of  potash,  2  NO4  +  2  KO  =  KO,  NO5  4- 
KO,  NO3.  Much  speculation  has  been  indulged  in  as  to  its  pro- 
bable composition.  Berzelius  latterly  was  disposed  to  regard  this 
compound  as  a  combination  of  nitric  acid  with  deutoxide  of  nitro- 
gen :    3  NO4  may  be  represented  as  (NOg,  2  NO5). 

If  nitrate  of  lead  be  dried,  and  heated  strongly  in  a  small  glass 
retort,  it  is  decomposed,  oxide  of  lead  is  formed,  and  deep  red  fumes, 
consisting  of  a  mixture  of  peroxide  of  nitrogen  and  free  oxygen,  are 
produced,  PbO,  NO5  =  PbO  +  0  4-  NO4.  If  the  red  vapour  be 
passed  through  a  bent  tube  surrounded  by  ice  and  salt,  as  shown  in 
fig.  250,  the  peroxide  condenses  to  a  greenish  liquid,  owing  to  the 
presence  of  a  little  moisture.  Towards  the  latter  part  of  the  dis- 
tillation the  anhydrous  peroxide  comes  over,  and  if  the  receiver 
be  changed,  it  may  be  obtained  in  crystals,  which  are  the  same  as 
those  produced  by  the  mixture  of  dry   oxygen  and  deutoxide  of 
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Fig.  250.  nitrogen  ;    the    minutest 

trace  of  moisture,  how- 
ever, converts  them  into 
the  liquid  form.  This 
liquid  is  colourless  at  0° ;  it 
becomes  yellow  at  14°  F., 
and  at  ordinary  tempera- 
tures is  red.  It  has  a  spe- 
cific gravity  of  i' 451,  boils 
at  82°,  and  freezes  at — 40° 
F.  It  emits  a  dense  red 
vapour,  which  becomes 
deeper  in  tint  as  the  tem- 
perature rises,  till  at  100° 
it  is  almost  opaque.  This 
vapour  has  a  suffocating 
odour.  It  supports  the  combustion  of  a  taper,  and  of  many  burning 
bodies.  If  water  be  gradually  added  to  the  liquid  peroxide  it 
passes  through  various  tints,  becoming  successively  orange,  yellow, 
green,  blue,  and  finally  colourless,  an  effervescence  being  occa- 
sioned during  the  whole  time  from  the  escape  of  deutoxide  of 
nitrogen ;  finally,  nitric  acid  in  abundance  is  formed  in  the  liquid. 
The  reaction  may  be  traced  as  follows  :  2  HO  +  3  NO4  =  NO2  + 
2  (HO,  NO5).  The  deutoxide  of  nitrogen,  on  mixing  with  the 
oxygen  of  the  air,  reproduces  the  peroxide  of  nitrogen  as  usual. 
The  different  tints  assumed  by  the  liquid  during  dilution  appear 
to  be  owing  to  the  solution  of  the  deutoxide  of  nitrogen  in  varying 
proportion  in  the  nitric  acid  produced  by  the  decomposition. 

(310)  The  important  influence  of  proportion  upon  the  products 
of  chemical  combination  is  exhibited  in  a  striking  light  by  these 
compounds  of  nitrogen  with  oxygen.  The  same  elements,  accord- 
ing to  the  quantities  in  which  they  are  united,  may,  as  in  nitric  acid, 
produce  one  of  the  most  corrosive  compounds  in  the  range  of 
chemistry ;  or  may  give  rise,  as  in  the  case  of  the  protoxide  of 
nitrogen,  to  a  stimulating  and  intoxicating  gas,  which  may  be 
breathed  with  impunity,  while  the  intermediate  combinations 
exhibit  properties  entirely  different  from  either.  A  broad  distinc- 
tion may  also  be  easily  traced  between  the  results  of  mixture  and 
those  of  true  chemical  union.  The  properties  of  the  atmosphere 
are  the  results  of  simple  admixture ;  the  chemical  qualities  of 
oxygen  appearing  to  be  simply  diluted  by  its  apparently  inert  com- 
panion, nitrogen  (just  as  the  sweetness  of  sugar  is  reduced  by  the 
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addition  of  water) ;  whilst  each  one  of  the  true  combinations  of 
nitrogen  with  oxygen  exhibits  characters  sufficiently  distinct  from 
those  of  either  of  its  components. 

§  II. — Compounds  of  Nitrogen  with  Hydrogen. 
Ammonia,  (HgN) ;  Eq.  17;  Sp.  Gr.  0-59;   Combining  Volume^  4. 

(311)  [Volatile  Alkali,  or  Hartshorn.) — This  important  com- 
pound has  received  the  name  of  ammonia,  from  the  circumstance 
of  its  having  been  obtained  from  a  salt  termed  sal  ammoniac,  first 
procured  in  Libya,  near  the  temple  of  Jupiter  Ammon.  Nitrogen 
and  hydrogen  do  not  combine  directly  with  each  other ;  nevertheless, 
their  indirect  combination  is  a  circumstance  of  continual  occur- 
rence. The  spontaneous  decomposition  of  most  animal  matters, 
which  contain  both  hydrogen  and  nitrogen,  and  almost  every  pro- 
cess of  oxidation  in  the  presence  of  moisture,  is  attended  with  the 
formation  of  ammonia.  The  hydrogen,  at  the  moment  of  its 
liberation  ft'om  the  water  by  deoxidation,  appears  to  enter  into 
combination  with  the  nitrogen  of  the  atmosphere,  which,  to  a  small 
extent,  is  held  in  solution,  and  thus  ammonia  is  formed.  Moistened 
iron  filings,  if  exposed  to  the  air,  become  rusty,  and  the  oxidized 
compound  retains  a  small  quantity  of  ammonia.  The  deoxidation 
of  dilute  nitric  acid  by  the  metals,  also  frequently  gives  rise  to  the 
production  of  ammonia ;  both  nitrogen  and  hydrogen  are  liberated 
simultaneously,  a  part  of  the  water  undergoing  deoxidation  at  the 
same  time  that  the  acid  is  decomposed.  Tin,  zinc,  and  iron, 
exhibit  this  effect  in  a  marked  degree. 

Mr.  Nesbit  (Q.  /.  Chem.  Soc,  II.,  281)  has  proposed  to  use 
this  reaction  as  a  means  of  estimating  the  quantity  of  nitric  acid  in 
solutions  ;  for  he  finds  that  by  dissolving  zinc  very  slowly  in  dilute 
hydrochloric  acid,  and  adding  the  nitric  solution  in  small  quantities 
at  a  time,  the  whole  of  the  nitric  acid  is  converted  into  ammonia. 

Ammonia  exists  in  minute  quantity  in  the  atmosphere.*    It  is 


*  According  to  the  elaborate  researches  of  M.  Ville,  which  appear  to  have 
been  conducted  with  every  precaution  to  ensure  accuracy,  10,000,000,000  parts 
of  air  contained  on  the  average,  in  the  year  1851,  237  parts  by  weight  of 
ammonia,  and  in  1852,  210  parts.  This  amounts  to  about  i  volume  of  ammonia 
in  28,000,000  of  air :  other  experimenters  make  the  quantity  considerably 
higher.  The  proportion  of  ammonia  contained  in  rain  water  is  liable  to  consider- 
able variation  :  in  1,000,000  parts  of  rain  water  collected  in  Paris  during  the  last 
five  months  of  18^1 ,  M.  Barral  found  3-49  parts ;  Boussingault,  at  Liebfraunberg, 
in  1852,  found  only  0*744  parts  ;  and  Messrs.  Lawes  and  Gilbert  at  Uothamsted, 
in  1853  and  1854,  found  the  average  amount  from  March  to  August  to  be 
1*142,  from  September  to  February,  0*927  parts  :  the  average  of  the  two  last 
determinations  would  give  about  i  grain  of  ammonia  iu  14  gallons  of  rain  water. 
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also  found  in  clayey  and  in  peaty  soils,  both  of  which  absorb  it 
freely.  For  the  purposes  of  manufacture  it  is,  however,  always 
procured  by  the  distillation,  in  closed  vessels,  of  organic  matters 
containing  nitrogen.  The  principal  part  of  the  ammonia  used  in 
this  country  is  obtained  from  the  refuse  products  of  the  distillation 
of  coal  for  the  manufacture  of  gas.  Amongst  these  products  is  a 
considerable  quantity  of  carbonate  and  hydrosulphate  of  am- 
monia, which  dissolve  in  water  and  form  the  ammoniacal  liquor  of 
the  gas  works ;  this  liquor  is  saturated  with  sulphuric  or  with  hydro- 
chloric acid,  and  thus  the  sulphate  or  muriate  of  ammonia  of 
commerce  is  procured. 

If  equal  weights  of  quicklime  and  either  of  the  salts  last  named 
be  separately  powdered  and  intimately  mixed,  the  powder,  on  being 
transferred  to  a  retort  and  gently  heated,  gives  off  abundance  of 
pure  ammonia,  as  a  transparent  colourless  gas,  of  the  peculiar 
pungent  odour  of  smelling  salts.  The  lime  combines  with  the 
acid  and  sets  the  ammonia  at  liberty :  thus. 


Lime. 


Mur.  ammonia.      Chloride  calcium.    Ammonia.      Water. 


CaO  +    H3N,  HCl    =  Ca  CI  +  H3N  +  HO. 

Properties. — Ammonia  produces  a  flow  of  tears  from  the  eyes ;  it 
has  an  acrid  taste,  and,  when  breathed  in  a  concentrated  form,  is 
fatal  to  life,  from  its  irritating  effects  on  the  lungs.  In  a  more 
diluted  form  it  is  a  highly  valuable  stimulant.  Ammonia  does  not 
support  the  flame  of  burning  bodies,  but  is  feebly  combustible;  a 
jet  of  the  gas  directed  across  the  stream  of  hot  air  issuing  from  a 
lighted  argand  lamp,  burns  with  a  very  pale  green  flame.  Am- 
monia is  extremely  soluble  in  water,  and  must  therefore  be  col- 
lected either  over  mercury  or 
^i^-  251-  by  displacement,  in  the  manner 

shown  in  fig.  251.  The  latter 
mode  of  collecting  it  may  easily 
be  effected,  as  the  gas  has  little 
more  than  half  the  density  of 
atmospheric  air,  its  sp.  gr.  being 
only  o'59.  Ammonia  has  a 
powerful  alkaline  reaction,  and 
turns  turmeric  paper  brown. 
When  collected  by  displ  acement, 
the  gas  must  be  allowed  to  pass 
into  the  bottle  until  a  piece  of 
dry  turmeric  paper  held  to  the 
mouth  of  the  bottle  is   immediately    turned    brown;    the  tube 
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is  then  withdrawn,  and  the  stopper,  slightly  greased,  is  inserted. 
Ammonia  neutralizes  the  most  powerful  acids,  and  forms  a  very 
important  class  of  salts.  Any  volatile  or  gaseous  acid  brought 
into  an  atmosphere  containing  ammonia,  produces  a  white  cloud, 
from  the  formation  of  a  solid  salt.  This  property  is  often 
employed  to  detect  small  quantities  of  ammonia.  Cluicklime 
or  potash  is  mixed  with  the  solution  suspected  to  contain 
ammonia,  and  the  whole  gently  warmed  in  a  tube.  A  rod 
moistened  with  hydrochloric  acid  diluted  with  half  its  bulk  of  water, 
is  placed  in  the  upper  part  of  the  tube  or  vessel,  and  if  ammonia 
be  present,  white  fumes  appear,  even  when  the  quantity  of  ammonia 
is  too  small  to  be  distinguished  by  the  smell. 

Composition. — The  composition  of  ammonia  may  be  ascertained 
as  follows.  If  the  dry  gas  be  passed  slowly  through  a  porcelain 
tube  containing  iron  turnings  or  spongy  platinum,  heated  to  bright 
redness,  the  gas  is  decomposed;  it  becomes  dilated  to  double  its 
volume ;  4  volumes  of  ammonia  become  8 ;  and  the  gas  produced 
is  found  to  consist  of  a  mixture  of  2  volumes  of  nitrogen  with  6 
volumes  of  hydrogen.  A  portion  of  this  mixture  may  be  detonated 
with  oxygen.  If  8  measures  be  mixed  in  the  bent  eudiometer 
with  4  of  oxygen,  so  as  to  make  I2  measures  in  the  whole,  3 
measures  will  be  left,  after  the  transmission  of  the  electric  spark, 
owing  to  the  formation  of  steam  and  its  subsequent  condensation. 
One-third  of  the  volume  of  gas  which  has  disappeared,  or  3  measures, 
will  be  oxygen,  and  two-thirds,  or  6  measures,  will  be  hydrogen. 
No  carbonic  acid  has  been  formed,  for  the  residual  gas  is  not 
altered  in  bulk  by  agitation  with  potash :  by  mixing  the  remaining 
3  volumes  with  their  own  bulk  of  hydrogen  and  again  transmitting 
the  electric  spark,  i  measure  out  of  the  3  may  be  proved  to  consist 
of  oxygen  added  in  excess ;  therefore  the  remaining  2  of  nitrogen 
were  present  in  the  ammonia  in  combination  with  the  6  of  hydro- 
gen which  have  condensed  as  steam  ;  consequently  the  4  volumes 
of  ammonia  must  have  been  formed  by  6  volumes  of  hydrogen,  and 
2  of  nitrogen,  condensed  into  half  their  bulk. 

Other  striking  proofs  of  the  composition  of  ammonia  are  afforded 
by  the  action  of  heat  upon  some  of  its  salts.  The  decomposition  of 
nitrate  of  ammonia  offers  one  of  these.  By  the  action  of  heat,  as 
already  explained  (306),  the  nitrate  of  ammonia  (H3N,  HO,  NO5) 
is  decomposed  into  water  and  protoxide  of  nitrogen,  4  HO  +  2  NO, 
the  3  equivalents  of  hydrogen  in  the  ammonia  combine  with  3 
equivalents  of  oxygen  in  the  nitric  acid,  and  leave  the  nitrogen  of 
the  ammonia  to  combine  with  deutoxide  of  nitrogen  derived  from 
the  nitric  acid.     NO^Og  +  H3N  =  (NO^  +  N)  (or  2  NO)  +  3  HO. 
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If  a  solution  of  the  nitrite  of  ammonia  (HgN^  HO,  NO3)  be  heated, 
the  salt  is  decomposed,  water  and  pure  nitrogen  are  liberated.  The 
result  may  be  thus  represented:  (H3N,  HO,  NO3)  =  4  HO +  3  N  : 
the  hydrogen  of  the  ammonia  is  in  this  case  exactly  sufficient  to 
combine  with  the  oxygen  of  the  nitrous  acid,  forming  water : 
this  is  an  excellent  mode  of  obtaining  pure  nitrogen. 

Ammoniacal  gas  may  be  liquefied  by  exposure  to  a  cold  of 
— 40°  F.,  or  still  more  readily  by  generating  it  under  the  pressure  of 
its  own  atmosphere.  The  easiest  method  is  the  following  ; — Chloride 
of  silver  in  powder  is  exposed  to  a  current  of  dry  ammoniacal  gas ; 
the  ammonia  is  rapidly  absorbed,  and  the  chloride  increases  in  weight 
more  than  one-third.  This  substance  is  placed  in  one  limb  of  a 
strong  tube  (182),  bent  to  an  obtuse  angle,  and  then  hermetically 
sealed ;  on  applying  heat  to  the  chloride,  and  cooling  the  other  end 
of  the  tube  with  a  freezing  mixture,  the  ammonia  condenses  as  a 
colourless  liquid,  which  exerts  a  pressure  of  6" 9  atmospheres  at  60°, 
and  has  a  specific  gravity  of  0-731.  By  a  cold  of  — 103°  F.,  it  is 
frozen  to  a  white  translucent  crystalline  solid,  which  is  denser  than 
the  liquid  (Faraday) .  The  chloride  of  silver  reabsorbs  the  liquefied 
ammonia,  and  slowly  reproduces  the  original  compound. 

Solution  of  Ammonia. — A  solution  of  ammonia  in  water  is  a 
reagent  in  continual  requisition.  When  ammoniacal  gas  is  passed 
into  water  it  is  rapidly  absorbed,  with  considerable  extrication  of 
heat ;  at  a  temperature  of  50°  F.,  water  takes  up  about  670  times 
its  volume  of  the  gas,  increasing  in  bulk  nearly  one  half,  and 
becoming  specifically  lighter ;  this  saturated  solution  has  a  density 
of  0-875  (Davy).  Such  a  solution  contains  nearly  one-third  of  its 
weight  of  ammonia.  The  following  table  indicates  the  strength  of 
solutions  of  pure  ammonia  of  different  specific  gravities,  according 
to  the  experiments  of  Sir  H.  Davy : — 


Specific 
gravity. 

Ammonia  in 

100  parts  by 

weight. 

Specific 
gravity. 

Ammonia  in 

100  parts  by 
weight. 

0-8750 
0-8875 
0-9000 
0-9054 
09166 
09255 
09326 
0-9385 

32-50 
29-25 
2600 

25-37 
22-07 

T9'54 
17-52 

15-88 

0-9435 
09476 
0-9513 
0-9545 

o'9573 
o'9597 
0-9619 
0-9692 

14-53 
13-46 
12-40 
11-56 

10-83 

10-17 

9-60 

950 

Solution  of  ammonia  is  colourless  and  intensely  alkaline ;  it  has 
an  acrid  caustic  taste^  and  blisters  the  skin  if  applied  to  it  in  a  con- 
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centrated  form ;  it  freezes  at  about  — 40°  F.  Simple  exposure  to 
the  air  is  attended  with  an  escape  of  the  gas,  which  occasions  the 
pungent  smell  of  the  liquid.  By  heat  the  ammonia  is  rapidly 
expelled  with  the  appearance  of  ebullition,  thereby  furnishing  a 
ready  extempore  method  of  procuring  the  gas.  By  boiling  the 
liquid  for  some  time,  the  whole  of  the  ammonia  may  be  expelled, 
so  that  nothing  but  water  is  left  in  the  retort. 

Solution  of  ammonia  is  prepared  on  the  large  scale  by  mixing 
together  in  a  capacious  retort  equal  weights  of  well-burned  quick- 
lime and  sal  ammoniac ;  the  lime  is  slaked  and  made  into  a  paste 
with  water  before  mixture.  The  retort  is  then  connected  with  a 
series  of  bottles  similar  to  those  used  for  condensing  nitric  acid. 
If  the  operation  be  conducted  on  the  small  scale  in  the  laboratory, 
the  arrangement  shown  in  fig.  252  may  be  adopted.  The  three- 
necked  bottles,  B,  c,  D,  E,  are  known  by  the   name  of  Woulfe's 

Fig.  252. 


bottles ;  in  the  globe,  a,  a  small  quantity  of  water  is  placed,  to  retain 
any  solid  particles  which  may  be  mechanically  carried  over  by 
the  gas ;  in  the  first  bottle,  b  (which  may  be  kept  cool  by  immer- 
sion in  cold  water),  a  quantity  of  water  equal  in  weight  to  that  of 
the  sal  ammoniac  used  is  introduced,  taking  care  that  it  shall  not 
fill  more  than  half  the  capacity  of  the  bottle  ;  whilst  the  second 
contains  water  to  condense  any  gas  that  may  escape  through  the 
first.  Each  bottle  is  provided  with  a  safety  tube  open  at  both 
ends,  so  that  if  the  gas  were  absorbed  in  b,  for  example,  more  rapidly 
than  it  was  supplied,  instead  of  the  liquid  being  driven  back  from 
bottle  c,  air  would  enter  by  the  safety  tube,  and  the  equilibrium 
would  be  restored.  The  tube  which  delivers  the  gas  passes  down 
through   the  safety  tube  and  projects  a  little  beyond  its   lower 
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opening,  so  that  the  gas  rises  in  bubbles  through  the  liquid,  and 
collects  in  the  bottle ;  an  air-tight  joint  Avhich  can  be  mounted  and 
dismounted  immediately  is  thus  obtained. 

Solution  of  ammonia,  if  pure,  should,  when  evaporated,  leave  no 
solid  residue ;  the  presence  of  carbonic  acid  may  be  detected  by 
lime  water,  which  it  renders  milky ;  that  of  chlorine  by  neutralizing 
with  pure  nitric  acid,  and  adding  nitrate  of  silver,  when  it  gives 
a  white  cloud;  that  of  sulphuric  acid  by  a  white  precipitate  with 
nitrate  of  baryta  after  dilution  and  saturation  with  nitric  acid ;  that 
of  lime  by  a  white  precipitate  on  adding  oxalate  of  ammonia ;  and 
that  of  copper  or  lead  derived  from  the  apparatus^  by  a  black  or  brown 
precipitate  or  cloud  with  sulphuretted  hydrogen.  Lead  in  small 
quantity  is  a  very  frequent  impurity  in  the  commercial  solution ; 
it  is  derived  from  the  action  of  the  ammonia  on  the  flint-glass 
bottles  in  which  it  is  often  improperly  kept. 

Alcohol  also  dissolves  ammonia  in  abundance.  The  salts  of 
ammonia  will  be  described  with  those  of  the  other  alkalies. 

(312)  Amidogen,  (HgN);  Equivalenty  16. — Ammonia  is  the  only 
compound  of  hydrogen  and  nitrogen  that  has  been  obtained  in  the 
isolated  form.  When,  however,  potassium  is  heated  gently  in  per- 
fectly dry  ammoniacal  gas,  the  ammonia  disappears,  half  its  volume 
of  hydrogen  is  produced,  and  a  fusible  olive-green  compound  is 
formed,  consisting  of  KjHgN.  The  ammonia  is  decomposed  by  the 
potassium  in  the  following  manner  :  H3N  -|-  K  becomes  KHgN  -|-  H. 
The  compound  H2N  has  received  the  name  of  amidogen,  and  it 
appears  capable  of  existing  in  combination  with  several  metals,  and 
with  a  variety  of  bodies  derived  from  the  organic  kingdom.  This 
class  of  compounds  has  received  the  name  of  amides ;  they  will  be 
more  conveniently  examined  hereafter. 

Ammonium,  (H4N) ;  Equivalent,  18. — 'This  compound,  like  the 
one  just  mentioned,  has  not  been  obtained  in  a  separate  form. 
All  the  usual  salts  of  ammonia,  however,  appear  to  contain  it. 
Nitrate  of  ammonia,  for  example,  consists  not  simply  of  H3N,  NO5, 
but  in  addition  contains  an  equivalent  of  water  which  cannot  be 
expelled  by  heat  without  the  entire  decomposition  of  the  salt ;  this 
nitrate  is  therefore  looked  upon  as  a  nitrate  of  oxide  of  ammonium, 
H4NO,  NO5.  Sal  ammoniac  is  on  this  view  regarded  as  chloride 
of  ammonium,  H^N,  CI.  The  full  discussion  of  the  grounds  upon 
which  this  theory  rests  will  be  best  postponed  till  we  enter  upon  a 
description  of  the  salts  of  ammonia. 
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THE    HALOGENS. 

Before  proceeding  to  notice  some  other  compounds  of  the  four 
elements  already  described^  it  will  be  desirable  to  examine  the 
other  non-metallic  simple  substances.  We  pass  on  therefore  to  a 
group  of  four  closely  allied  bodies,  viz.,  chlorine,  bromine,  iodine,  and 
fluorine.  These  elements  are  characterised  by  the  powerful  activity 
of  their  affinities  for  other  substances  at  the  ordinary  temperature 
of  the  air,  and  consequently  none  of  them  are  found  in  an  uncom- 
bined  state. 

§  I.   Chlorine. 

Symbolj  CI;  Equivalent,  ^^'^'y  Specific  Gravity ,  2*47; 
Combining  Volume,  %. 

(313)  Chlorine,  the  most  important  of  the  group,  is  abundantly 
met  with  in  combination  with  sodium,  with  which  it  constitutes 
ordinary  table  salt.  This  necessary  of  life  occurs  plentifully  in 
beds  in  various  parts  of  the  world,  and  is  the  most  abundant  of  the 
saline  bodies  contained  in  the  waters  of  the  ocean. 

Properties. — Chlorine  is  a  transparent  gas  of  a  greenish-yellow 
colour  (whence  the  name  is  derived,  from  yXixypog,  'green^),  and 
of  a  powerful  suffocating  odour,  producing,  if  breathed,  even  when 
largely  diluted  with  air,  distressing  irritation  of  the  air  passages, 
attended  with  coughing.  It  is  much  heavier  than  air,  having  a  spe- 
cific gravity  of  2*47,  according  to  the  experiments  of  Gay  Lussac  and 
Thenard ;  100  cubic  inches  weigh  between  77  and  78  grains.  Under 
a  pressure  of  4  atmospheres  at  60°,  it  condenses  to  a  yellow  limpid 
liquid,  of  specific  gravity  i '^'j^,  and  which  remains  unfrozen  even  at 
the  cold  of  — 220°  F.  Chlorine  is  soluble  in  about  half  its  bulk 
of  cold  water ;  this  solution,  which  is  readily  formed  by  agitating 
the  gas  and  water  together,  has  the  colour,  odour,  and  taste  of  the 
gas.  Chlorine,  in  consequence  of  this  solubility,  cannot  be  advan- 
tageously collected  over  cold  water;  water  at  100°  absorbs  it  much 
less  freely.  Mercury  is  acted  upon  by  the  gas  with  great  rapidity. 
It  is  necessary,  therefore,  either  to  use  warm  water  in  the  pneu- 
matic trough,  or  to  receive  it  by  the  process  of  displacement  in 
dry    bottles.       With    water,   chlorine    forms    a    definite    hydrate 
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(Cl+ioAq),  whicli  crystallizes  at  32°;  if  it  be  enclosed  in  her- 
metically sealed  tubes  it  furnishes  a  ready  method  of  obtaining 
liquefied  chlorine_,  as  by  a  gentle  heat  it  is  easily  decomposed  into 
water  and  free  chlorine. 

Chlorine  is  not  combustible,  and  it  does  not  combine  directly 
with  oxygen.  A  taper  burns  in  it  with  a  reddish  smoky  flame, 
the  hydrogen  of  the  combustible  vapour  of  the  wax  combining 
with  the  chlorine,  whilst  part  of  the  carbon,  for  which  its  affinity  is 
but  small,  is  deposited.  Many  bodies,  however,  take  fire  sponta- 
neously when  introduced  into  chlorine  ;  this  is  the  case  with  phos- 
phorus ;  many  of  the  metals  in  a  finely  divided  state  do  the  same ; 
copper  leaf,  finely  powdered  antimony,  and  arsenic,  are  among  the 
number.  A  great  number  of  organic  substances  rich  in  hydro- 
gen are  decomposed  by  chlorine,  sometimes  with  such  rapidity  as 
to  inflame  them ;  a  bit  of  paper  dipped  into  oil  of  turpentine  and 
plunged  into  the  gas  bursts  into  flame,  and  deposits  an  abundance 
of  a  black  carbonaceous  compound. 

The  action  of  chlorine  upon  bodies  containing  hydrogen  is  often 
of  a  very  peculiar  kind.  It  combines  with  part  of  the  hydrogen 
and  withdraws  it  from  the  combination ;  each  equivalent  of  hydro- 
gen unites  with  an  equivalent  of  chlorine,  forming  a  powerful  acid, 
the  hydrochloric,  (H  CI) ;  but  at  the  same  time  for  each  equivalent 
of  hydrogen  so  withdrawn  from  the  original  compound,  an  equiva- 
lent of  chlorine  is  substituted.  It  is  in  this  way  that  chlorine 
exerts  those  bleaching  powers  which  have  rendered  so  essential  a 
service  to  the  calico-printer  and  the  paper-maker.  Most  of  the  vege- 
table colouring  matters  contain  hydrogen,  and  are  decomposed  by 
chlorine,  whilst  colourless  or  nearly  colourless  compounds  contain- 
ing chlorine  are  formed,  instead  of  the  coloured  compounds  with 
hydrogen.  If  a  solution  of  chlorine  be  mixed  with  some  of  the 
blue  liquid  formed  by  dissolving  indigo  in  sulphuric  acid,  or  with 
ordinary  writing  ink,  or  with  tincture  of  litmus,  the  colour  will  in 
each  case  be  immediately  and  almost  completely  discharged,  and 
it  cannot  be  subsequently  restored. 

Another  property  of  chlorine  of  great  value  is  its  disinfecting 
power,  by  which  is  meant  its  power  of  destroying  noxious  vapours 
and  miasmata;  with  this  view  it  is  frequently  employed  for  fumi- 
gating buildings  after  the  occurrence  of  contagious  diseases. 

Preparation. — Chlorine  may  be  easily  prepared  from  a  mixture 
of  7  parts  by  weight  of  oil  of  vitriol,  previously  diluted  with  7  parts 
of  water,  and  allowed  to  cool,  and  4  parts  of  pounded  chloride  of 
sodium  intimately  mixed  with  3  parts  of  finely  pulverized  black 
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Fig.  253. 


oxide  of  manganese.  The  decomposition  may  be  represented  as 
follows : — 

Oxide  mangan.  Chlor.  sodium.  Sulph.  acid.  Solph.  mangan,  Sulph.  soda.        Chlorine. 

MnOa  +  Na  Cl  +  2  SO3  become  M^oTsOg  +  N^O^Oa  +1^ 

The  gas  comes  off  slowly  in  the  cold,  but  freely  on  the  application 
of  a  gentle  heat.  A  little  hydrochloric  acid  is  always  formed  in 
the  reaction;  this  acid  is  easily  removed  from  the  chlorine  by 
allowing  the  gas  to  bubble  up  through  a  vessel  containing  water, 
in  the  manner  shown  in  fig.  245,  where  a  similar  apparatus  is 
employed  for  carbonic  oxide. 

The  manufacture  of  chlorine  is  practised  on  an  enormous  scale 
in  the  preparation  of  bleaching  powder,  or  chloride  of  lime.  It  is 
generally  prepared  in  capacious  stills,  sufficiently  large  to  hold 
200  gallons  of  liquid ;  these  are  frequently  made  of  Yorkshire  flags 
clamped  together  with  iron  work, 
and  the  joints  rendered  tight  by 
vulcanized  caoutchouc.  A  leaden 
still,  shown  in  section  at  a,  fig.  253, 
may  be  employed  for  the  same  pur- 
pose. The  lower  part  of  these  stills 
is  enclosed  in  a  case,  d  d,  through 
which  a  current  of  steam  is  admit- 
ted by  the  pipe  d.  Hydrochloric 
acid  in  solution,  of  specific  gravity 
from  i-i6o  to  i-ryo  (which  is  ob- 
tained as  a  waste  product  in  the 
manufacture  of  carbonate  of  soda 
from  sea  salt),  is  run  through  the 

curv^ed  funnel,  6,  into  the  stills,  which  are  charged  at  the  opening,/, 
with  oxide  of  manganese  in  small  lumps.  Chloride  of  manganese 
is  formed,  and  free  chlorine  is  liberated  in  abundance,  and 
escapes  tlirough  the  pipe,  a ;  when  the  charge  is  exhausted  it  is 
withdraw  n  by  the  pipe,  g  :  the  materials  are  agitated  from  time  to 
time  by  means  of  the  stirrer,  shown  at  c  c.  The  different  parts 
of  the  apparatus  are  rendered  tight,  and  at  the  same  time  admit  of 
being  rapidly  mounted  or  disconnected  by  the  employment  of  'water- 
joints,^  the  pipes  drop  into  small  gutters,  as  shown  at  a,  at  e  e,  and  at 
/,  filled  with  sulphuric  acid,  which  effectually  prevents  the  escape 
of  the  gas.      The  reaction  is  illustrated  in  the  following  symbols : 

Oiide  mangan.  Hydrochlcr.  acid,         Chlor.  mangan.       Water.        Chlorine. 


MnOa  +  2HCI  produce  MnCl  -f  2HO  +  CI. 
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This  process  may  also  often  be  resorted  to  on  the  small  scale  in 
the  laboratory  with  advantage.  Three  ounces  of  powdered  oxide 
of  manganese  with  half  a  pint  of  the  commercial  muriatic  acid 
diluted  with  3  ounces  of  water,  will  yield  between  3  and  4  gallons 
of  the  gas.  Care  must  be  taken  not  to  use  an  acid  more  dilute 
than  1-15  in  the  preparation  of  the  gas;  since,  owing  to  a  neglect 
of  this  precaution,  explosions  have  in  some  instances  occurred  in 
operating  on  the  large  scale.  Hypochlorous  acid,  or  one  of  the 
lower  explosive  oxides  of  chlorine,  was  probably  formed  in  these 
cases. 

Chlorides. — Chlorine  combines  with  all  the  non-metallic  ele- 
ments, and  forms  with  many  of  them  compounds  of  great  impor- 
tance ;  it  also  enters  into  combination  with  all  the  metals,  and  it 
combines  directly  with  a  large  number  of  them,  with  the  usual 
phenomena  of  combustion;  the  compounds  which  it  forms  are 
termed  chlorides.  With  the  exception  of  the  chloride  of  silver  and 
the  sub-chlorides  of  mercury  and  copper,  they  are  all  more  or  less 
soluble  in  water.  It  frequently  happens  that  chlorine  combines 
with  the  same  metal  in  more  proportions  than  one :  for  example, 
with  iron  a  protochloride  (FeCl)  and  a  sesquichloride  (FegClg)  may 
be  formed;  with  platinum  a  protochloride  (PtCl)  and  a  bichloride 
(PtClg)  may  be  obtained ;  and  generally,  for  each  oxide  of  the  metal 
which  is  capable  of  uniting  with  acids  to  form  salts,  a  corresponding 
chloride  exists.  The  chlorides  of  the  metals  are  usually  solid,  but  a 
few,  as  the  bichloride  of  tin  (SnCy,  and  that  of  titanium  (TiCla),  the 
terchloride  of  arsenic  (AsClg),  and  the  pentachloride  of  antimony 
(SbClg),  are  liquid  at  the  ordinary  temperature ;  the  perchloride  of 
manganese  (MugCly)  is  gaseous.  All  the  metalHc  chlorides  fuse  at  a 
heat  attained  without  difficulty,  many  of  them  being  partially  volati- 
lized in  the  operation ;  and  the  chlorides  of  gold,  platinum,  palla- 
dium, and  iridium  are  decomposed  by  ignition,  the  metals  remaining 
in  the  uncombined  form.  The  chlorides  of  the  other  metals  are  not 
decomposed  by  heat.  All  the  chlorides,  when  heated  with  black 
oxide  of  manganese  and  sulphuric  acid,  evolve  chlorine  gas. 

In  many  cases  chlorine  unites  with  the  oxides  of  the  metals. 
If  the  oxide  of  the  metal  be  soluble  in  water,  the  oxychloride  which 
is  formed  is  soluble  likewise,  and  the  compound  is  remarkable  for  its 
bleaching  properties.  Chloride  of  lime  (CaO  CI),  and  chloride  of 
potash  (KOCl),  are  instances  of  this  kind.  Sometimes  the 
chloride  of  a  metal  combines  with  its  oxide  and  forms  an  insoluble 
oxy chloride,  as  is  the  case  with  the  oxy chloride  of  mercury 
(HgO  +  HgCl).      It  is  a   still  more  frequent  occui'rence  that  a 
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chloride  of  one  of  the  alkaline  metals  combines  with  a  chloride  of  one 
of  those  metals  which  have  a  feebler  attraction  for  oxygen,  and  the 
oxides  of  which  partake  rather  of  the  character  of  acids  than  of 
bases.  Thus  we  have  a  double  chloride  of  platinum  and  potassium 
(KCl,  PtCla),  and  double  chloride  of  gold  and  sodium  (NaCl, 
AuClg  +  4  aq). 

Chlorine  when  in  solution  in  the  uncombined  form  is  easily 
recognised  by  its  odour  and  its  bleaching  properties.  Both  when 
free,  and  when  combined  with  a  metal,  it  gives,  on  the  addition  of 
a  solution  of  nitrate  of  silver,  a  curdy,  flocculent,  white  precipitate, 
which  changes  to  violet  on  exposure  to  light :  this  white  precipitate 
consists  of  chloride  of  silver,  and  is  easily  re-dissolved  by  adding  a 
small  quantity  of  solution  of  ammonia,  but  it  is  insoluble  in  nitric 
acid.  Sub-nitrate  of  mercury  also  gives  a  white  precipitate  of  sub- 
chloride  of  mercury  in  solutions  of  the  metallic  chlorides ;  the 
calomel  (Hgg  CI)  thus  formed  is  insoluble  in  nitric  acid,  and  is 
instantly  blackened  by  the  addition  of  a  few  drops  of  ammonia. 

(314)  Hydrochloric  Acid  :  Muriatic  Acid,  (HCl);  Equivalent, 
36*5;  Specific  Gravity,  1-2474;  Combining  Volume,  4. — The  most 
important  of  the  compounds  which  chlorine  forms  with  the  non- 
metallic  elements  is  obtained  by  its  combination  with  hydrogen. 
The  two  gases  may  be  mixed  in  equal  volumes,  and  they  will 
remain  without  action  upon  each  other,  if  kept  in  the  dark;  but 
the  moment  they  are  brought  into  direct  sun-light  they  unite  with 
a  powerful  explosion,  and  a  colourless  intensely  acid  gas  is  the 
product.  In  diflPused  daylight  the  combination  takes  place  gradu- 
ally ;  but  the  application  of  a  lighted  match,  or  the  passage  of  the 
electric  spark  through  the  mixture,  instantly  determines  its  explo- 
si(3n.  Two  volumes  of  chlorine  unite  thus  with  <z  volumes  of 
hydrogen,  producing  4  volumes  of  hydrochloric  acid;  no  con- 
densation therefore  occurs  in  the  act  of  union.  So  powerful  is  the 
affinity  of  chlorine  for  hydrogen,  that  if  a  solution  of  chlorine  in 
water,  or  if  the  gas  itself,  in  a  moist  state,  be  exposed  to  the  sun's 
rays,  in  either  case  water  is  decomposed,  hydrochloric  acid  is 
formed,  and  the  oxygen  of  the  water  is  liberated  :  in  the  dark, 
however,  chlorine  has  no  power  to  decompose  water. 

Hydrochloric  acid  gas  is  easily  procured  by  placing  fragments 
of  common  salt  (which  has  been  fused  in  a  crucible  at  a  red  heat  and 
allowed  to  cool,)  in  a  glass  retort,  and  pouring  over  it  twice  its  weight 
of  oil  of  vitriol.  Abundance  of  hydrochloric  acid  gas  escapes  ;  it 
must  be  collected  either  over  mercury  or  by  displacement  of  the  air 
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from  dry  bottles.  In  this  case  the  water  of  the  oil  of  vitriol  yields 
hydrogen  to  the  chlorine  of  the  common  salt,  whilst  the  oxygen 
combines  with  the  sodium  and  forms  soda,  which  unites  with  the 
sulphuric  acid  to  form  sulphate  of  soda_,  as  is  shown  in  the 
following  diagram : — 


Preparation  of  Hydrochloric  Acid  Gas. 


Before  decomposition. 

I  Eq.  Chloride/' 
of  sodium,  -j 
NaCl. 

I  Eq.  on  of 
vitriol, 
HO,  SO3. 


eq.  Chlorine 
I  eq.  Sodium 


I  eq.  Oxygen 
I  eq.  Hydrogen 
I  eq.  Sulph.  acid 


After  decomposition. 

I  eq.  hydrochloric 
acid  gas,  HCl. 


I  eq.  Sulphate  of 
soda,  NaO,  SO3 ; 


or  simply  thus, 

NaCl  +  HO,  SO3  yield  HCl  +  NaO,  SO3. 

The  composition  of  hydrochloric  acid  may  be  analytically  de- 
termined by  heating  sodium  in  a  measured  volume  of  the  gas. 
The  metal  burns  vividly,  and  liberates  a  quantity  of  hydrogen 
equal  in  bulk  to  that  of  half  the  gas  employed ;  common  salt  is 
formed  at  the  same  time. 

The  presence  both  of  hydrogen  and  of  chlorine  in  the  acid  gas 
is  easily  shown  by  the  following  experiment  (Graham) : — A  quantity 
of  hydrochloric  acid  is  liberated  from  fused  chloride  of  sodium  by 
oil  of  vitriol,  contained  in  the  retort,  a,  fig.  254,  and  is  dried  by 

Em.  254. 


'•mm'^wiiiiiiiiii"' 


being  passed  through  a  tube,  b,  filled  with  chloride  of  calcium ;  this 
tube  is  connected  by  vulcanized  caoutchouc,  c,  with  a  tube  upon 
which  two  bulbs  have  been  blown ;  in  the  first  of  these,  d,  some 
pounded  anhydrous  black  oxide  of  manganese  is  placed  :  a  piece  of 
litmus  paper  inserted  in  the  bottle,  /,  which  receives  the  escaping 
gas,  is  quickly  reddened.      On  applying  heat  to  the  bulb,  d,  con- 
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taining  the  oxide,  cliloride  of  manganese  is  produced,  and  not  being 
volatile,  it  remains  in  the  bulb,  whilst  water  begins  to  form  and  con- 
denses in  the  second  bulb,  e,  and  in  the  meantime  free  chlorine  passes 
on  into  the  bottle,  /,  showing  itself  by  its  peculiar  colour  and  its 
bleaching  effect  upon  the  litmus  paper.  The  reaction  has  already- 
been  explained,  and  may  be  represented  by  the  following  symbols : 

%  HCl  +  MnOa  =  2  HO  +  MnCl  +  CI. 

Properties. — Hydrochloric  acid  is  a  colourless  gas  of  a  peculiar 
pungent  odour,  and  an  intensely  acid  taste ;  it  irritates  the  eyes,  and 
if  breathed  when  diluted  produces  coughing.  It  is  heavier  than  air, 
and  has  a  specific  gravity  of  1*2474;  100  cubic  inches  weigh  39*64 
grains.  Under  a  pressure  of  40  atmospheres  at  50°  F.  it  con- 
denses to  a  colourless  liquid  of  sp.  gr.  1*27,  which  dissolves 
bitumen,  and  which  has  never  been  frozen.  Hydrochloric  acid 
gas  is  incombustible,  and  extinguishes  burning  bodies.  It  reddens 
dry  litmus  paper ;  when  allowed  to  escape  into  the  air  it  produces 
white  fumes  by  condensing  the  atmospheric  moisture,  and  form- 
ing with  it  a  body  less  volatile  than  pure  water.  It  is  instantly 
absorbed  by  water  :  a  lump  of  ice  liquefies  in  a  jar  of  the  gas  and 
absorbs  it  in  a  moment. 

{'>^i^  Solution  of  Hydrochloric  Acid. — The  solution  of  hydro- 
chloric acid  in  water  is  an  indispensable  requisite  in  the  laboratory. 
It  is  easily  prepared  for  use  by  placing  in  a  capacious  retort  3  parts 
of  fused  chloride  of  sodium  in  fragments,  and  introducing  gradu- 
ally, through  a  bent  funnel,  5  parts  of  oil  of  vitriol.  The  retort 
is  connected  with  a  series  of  Woulfe^s  bottles  ;  in  the  first  a  small 
quantity  of  water  is  placed  to  detain  any  impurities  which  might 
be  mechanically  carried  over  with  the  gas ;  the  second  bottle  may 
contain  4  parts  of  water,  and  should  be  immersed  in  a  vessel  of 
cold  water,  as  the  condensation  of  the  gas  is  attended  with  a  great 
disengagement  of  heat.  On  applying  a  gentle  heat  to  the  retort 
the  acid  comes  over  and  is  condensed ;  an  easily  soluble  bisulphate 
of  soda  remains  in  the  retort,  and  is  formed  as  follows — 

Chloride  sodium.        Sulph.  acid.  Hydrochlor.  acid.  Bisalph.  soda. 

nTcI  +  ^CHoTsOg)  giveTlcT  +  NaO,  HO,  2SO3. 

For  manufacturing  purposes  the  decomposition  is  effected  in  iron 
cylinders,  like  those  employed  in  the  preparation  of  nitric  acid, 
and  only  one  half  the  quantity  of  sulphuric  acid  prescribed  above, 
is  used.  The  acid  in  this  case  is  in  the  proportion  of  one  equiva- 
lent to  each  equivalent  of  salt,  neutral  sulphate  of  soda  remaining 
in  the  cylinder,  whilst  the  acid  is  condensed  in  a  series  of  salt- 
glazed  stoneware  jars,  arranged  as  Woulfc's  bottles. 
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Water  at  40°  F.  is  stated  by  Sir  H.  Davy  to  absorb  about  480 
times  its  bulk  of  hydrochloric  acid^  increasing  in  volume  about  one- 
third  and  acquiring  a  density  of  i '2 109.  It  forms  a  colourless  fuming 
liquid,  which,  by  a  slight  elevation  of  temperature,  parts  with  the 
gas  abundantly;  at  this  strength  it  contains  nearly  43  per  cent, 
of  acid,  being  about  in  the  proportion  of  i  equivalent  of  acid  to  6 
of  water  (HCl  +  6aq). 

If  the  strong  acid  is  placed  in  a  retort  and  distilled,  it  loses 
hydrochloric  acid,  until  the  liquid  which  remains  has  a  density  of 
II 00  at  6o°F.  j  at  this  point  it  distils  unchanged.  A  weaker  acid 
if  distilled  parts  with  its  water  freely,  until  it  acquires  the  density 
of  1 1 00,  and  then  it  likewise  distils  unchanged,  at  a  temperature 
of  2^^°  F.  Such  an  acid  contains  about  20  per  cent,  of  hydro- 
chloric acid,  and  consists  of  16  equivalents  of  water  and  i  of 
hydrochloric  acid  (HCl  +  16  aq).  Common  hydrochloric  acid  may 
therefore  easily  be  purified  by  dilution  till  it  has  a  sp.  gr.  of  I'l 
and  then  distilling.  This  appears  to  be  the  only  stable  hydrate  of 
hydrochloric  acid,  though  M.  Bineau,  by  concentration  of  the 
acid,  at  the  ordinary  temperature  of  the  air,  in  vacuo  over  sul- 
phuric acid,  obtained  a  definite  hydrate  (HCl  +12  HO)  of  sp.  gr. 
1*128,  containing  25  per  cent,  of  the  anhydrous  acid.  According 
to  this  observer  {Ann.  de  Chimie,  III.,  vii.,  2^9),  the  vapour  of  the 
acid  of  sp.  gr.  I'lo  has  a  density  of  o"69,  i  volume  of  the  acid  and 
8  volumes  of  aqueous  vapour  being  united  without  condensation. 

The  following  table,  founded  on  the  experiments  of  E.  Davy, 
indicates  the  amount  by  weight  of  hydrochloric  acid  in  100  parts 
of  solution  of  the  acid  of  the  various  densities  therein  enumerated, 
at  a  temperature  of  7  7°  F. 


Specific 

Hydrochloric 

Specific 

Hydrochloric 

gravity. 

acid  in  i  oo  parts. 

gravity. 

acid  in  loo  parts. 

T'2I 

42-43 

i-io 

20'20 

120 

40*80 

1-09 

i8-i8 

1-19 

38-38 

I -08 

i6-i6 

I'lS 

36-36 

I -07 

14-14 

ri7 

3434 

I -06 

12-12 

ri6 

3232 

I -05 

TO-IO 

115 

30*30 

I -04 

8-08 

1*14 

28-28 

1-03 

606 

1-13 

26*26 

I -02 

4-04 

1*12 

24-24 

I  01 

2-02 

I'll 

22'22 

Commercial  hydrochloric  acid  is  liable  to  be  contaminated  with 
iron,  which  gives  it   a  yellow   colour;  and  with  the  chlorides  of 
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sodium  and  of  arsenic,  the  latter  derived  from  the  sulphuric  acid 
employed  in  its  preparation.  Sulphuric  and  sulphurous  acids,  and 
free  chlorine  are  also  often  present  in  it.  If  pure,  the  acid  should 
leave  no  residue  when  evaporated ;  on  saturating  it  with  ammonia  it 
should  give  no  precipitate  of  oxide  of  iron :  sulphuretted  hydrogen 
should  produce  no  turbidity  in  it,  which  would  be  the  case  if  arsenic, 
free  chlorine,  or  sulphurous  acid  were  present;  and  on  dilution 
with  three  or  four  times  its  bulk  of  water,  no  white  cloud  of  sul- 
phate of  baryta  should  be  produced  by  the  addition  of  chloride  of 
barium.  A  solution  of  hydrochloric  acid  is  decomposed  by  all  the 
metals  which  decompose  water  at  a  red  heat.  The  metal  is  dis- 
solved, and  hydrogen  gas  is  set  free,  just  as  when  iron  or  zinc  is 
acted  upon  by  dilute  sulphuric  acid :  for  example,  HCl  +  Zn  = 
ZnCl  +  H. 

{^i6)  Action  of  Hydrochloric  Acid  on  Metallic  Oxides. — The 
action  of  hydrochloric  acid  upon  the  oxides  of  the  metals  is  peculiar. 
Protoxides  dissolve  in  the  acid,  and  appear  to  combine  with  it ;  but 
on  evaporating  the  liquid,  a  compound  is  obtained,  in  which  neither 
hydrochloric  acid  nor  the  metallic  oxide  is  present,  and  which  con- 
tains neither  hydrogen  nor  oxygen :  when  soda  (NaO),  for  ex- 
ample, combines  with  the  hydrochloric  acid,  the  hydi'ogen  of  the 
acid  is  exactly  sufficient  by  combination  with  the  oxygen  of  the 
oxide  to  form  water,  which  evaporates  or  remains  in  the  solution, 
whilst  the  metal  and  the  chlorine  unite  directly  with  each  other, 
as  is  shown  by  the  following  symbols : — 

mo  +  eEcT  yield  NaCl  +  HO? 

But  though  the  metal  may  exist  in  solution  in  the  form  of  chloride, 
this  circumstance  does  not  prevent  its  precipitation  in  the  form  of 
oxide,  when  a  strong  base,  such  as  potash,  is  added  to  a  solution 
which  contains  the  chloride  of  the  metal  in  question,  provided  that 
the  metal  be  capable  of  forming  an  oxide  insoluble  in  water.  For 
example,  if  to  a  boiling  solution  of  chloride  of  copper  a  solution 
of  potash  be  added,  the  potassium  displaces  the  copper  from  the 
chlorine,  and  the  oxygen  with  which  the  potassium  was  previously 
combined,  is  transferred  to  the  copper,  whilst  the  black  oxide  of 
copper  precipitates.  It  is,  in  fact,  an  ordinary  instance  of  double 
decomposition : — 

Chloride  Potash  Oxide         Chloride  of 

of  copper.  ■    '  of  copper.      potassium. 

ciS  ^-"^  =  alo  +  KcF.^ 

M  M 
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A  reaction  not  less  instructive  occurs  when  oxides  containing 
a  larger  proportion  of  oxygen  than  the  protoxides  are  treated  with 
hydrochloric  acid.  When,  for  instance_,  i  equivalent  of  sesqui- 
oxide  of  iron  (FeaOg)  is  subjected  to  its  influence,  3  equivalents 
of  hydrochloric  acid  are  decomposed,  3  equivalents  of  water  are 
formed,  and  i  equivalent  of  sesquichloride  of  iron  is  obtained  in 
solution : — 

Hydrochlor.  Sesquiox.  Water  Sesquichlor. 

acid.  of  iron.  '  of  iron. 

fuel  +  F^  give  fnO    +    F^lg. 

It  sometimes  happens  that  no  chloride  corresponding  to  the 
oxide  exists.  There  is,  for  example,  no  bichloride  of  manganese : 
in  this  case  one  equivalent  of  the  binoxide  of  manganese  decom- 
poses 2  equivalents  of  hydrochloric  acid,  2  equivalents  of  water 
and  I  equivalent  of  protochloride  of  manganese  are  formed,  whilst 
the  second  equivalent  of  chlorine  is  liberated;  this  being  in  fact 
the  usual  mode  of  obtaining  chlorine  gas. 

Oxide  Hydrochlor.  Chlor.  ^  ^  Chlorine, 

mangan.  acid.  mangan.  r»»i.ci.        v/iuuimc. 

M^2  +  rSci  give  M^l  +  rnO  +^0? 

The  presence  of  hydrochloric  acid,  and  of  the  soluble  chlorides 
in  solution  is  indicated  by  the  formation  of  a  white,  insoluble,  curdy 
precipitate  of  chloride  of  silver,  when  a  solution  of  nitrate  of  silver 
is  added  to  the  liquid :  for  example — 

Chloride  sodium.        Nitr.  silver.  Chloride  silver.        Nitrate  soda. 

nTcI  4-  A^oTnOs  give  A^  +  N^O^Og. 
This  precipitate  is  soluble  in  ammonia,  but  insoluble  in  nitric  acid. 

(317)  Aqua  Regia  :  Nitro-Muriatic  Acid. — The  name  of  aqua 
regia  was  given  by  the  alchemists  to  a  mixture  of  nitric  with 
hydrochloric  acid,  from  the  power  that  it  possesses  of  dissolving 
gold,  the  '  king  of  metals.^  Platinum  and  gold  are  insoluble  in 
either  acid  separately;  but  when  the  two  acids  are  mixed,  they 
mutually  decompose  each  other ;  free  chlorine,  and  abundant  ruddy 
fumes,  long  mistaken  for  peroxide  of  nitrogen,  being  liberated.  The 
chlorine  in  the  moment  of  its  extrication  acts  upon  the  metals  and 
dissolves  them.  Tlie  nature  of  the  reaction  and  the  true  composi- 
tion of  these  fumes,  however,  has  only  recently  been  correctly 
ascertained  by  M.  Gay  Lussac;  the  investigation  formed  indeed 
one  of  the  last  scientific  labours  of  this  distinguished  chemist 
[Ann.  de  Chimie,  III.  xxiii.  203). 

Chloro-Nitric  Gas,  (NOgCy. — If  a  mixture  of  i  part  of  con- 
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centrated  nitric  acid  and  3  parts  of  hydrochloric  acid,  be  placed  in 
a  flask  and  subjected  to  a  gentle  heat  in  the  water  bath,  a,  fig.  255, 
red  fumes  pass  ofl*  in  abundance.  These  vapours,  if  transmitted 
tlii'ough  a  bottle,  b,  which  may  be  cooled  by  immersion  in  melting 

Fig.  255. 


ice,  deposit  a  little  volatilized  hydrochloric  acid  and  w  ater,  but  the 
red  fiimes  pass  on,  and  may  be  condensed  as  a  heavy  red  liquid  in 
the  tube  receiver,  c,  which  is  plimged  into  a  mixtm'c  of  ice  and  salt, 
while  free  chlorine  escapes  from  the  open  extremity  of  the  tube,  c, 
and  appears  in  the  bottle,  d.  The  liquid  may  be  preserved  by 
sealing  up  the  fine  tubes  on  either  side  by  means  of  the  blowpipe. 
The  object  of  drawing  out  the  extremities  of  the  tube,  c,  is  to  pro- 
tect the  corks  through  which  they  pass  from  the  corrosive  action 
of  the  chloro-nitrous  vapour.  If  it  be  desired  to  collect  the  com- 
pound for  analysis,  a  bent  tube  filled  with  chloride  of  calcium  may 
be  interposed  between  b  and  c,  to  absorb  all  traces  of  moisture. 
In  this  reaction  i  equivalent  of  nitric  acid  decomposes  3  equiva- 
lents of  hydrochloric  acid,  producing  i  equivalent  of  the  red 
compound  (NO2CI2)  (which  may  be  termed  chloro-nitric  gas),  3 
equivalents  of  water,  and  i  of  free  chlorine. 

Chloro-nitric 


Nitric  acid.     ^^^^'''' 


NO. 


Water.         Chlorine. 


+  3  HCl     =    NO2CI2  4-  3  HO  +  CI. 
Chloro-nitric  gas  may  be  regarded  as  peroxide  of  nitrogen  in 
which  %  equivalents  of  chlorine   have   taken  the  place  of  2  equi- 

M  M  2 
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valents  of  oxygen.  It  is  a  transparent,  red,  faming  liquid,  which 
boils  at  19°  ¥.,  emitting  deep  lemon-yellow  fumes,  which  have  the 
suffocating  odour  of  aqua  regia.  Water  decomposes  the  compound 
immediately,  appearing  to  dissolve  it;  but  the  solution  contains 
hydrochloric  acid  and  peroxide  of  nitrogen. 

Chloro-nitric  Water  Hydrochlor.  Perox. 

gas.  *  acid.  nitrogen. 

NoTcia  +  rSo  give  rSci  +  NO^. 
A  similar  decomposition  ensues  when  it  is  mixed  with  an  alkaline 
base,  as  it  does  not  form  salts  :  the   gas   cannot  be  confined  over 
mercury,  since  it  attacks  the  metal  instantly,  forming  calomel  and 
liberating  binoxide  of  nitrogen. 

Chloro-nitric        ^,,,,^.  Calomel.  ,J;--. 

NoTci^  +  ^Th^  give   2  (H^l)  +  N^O^. 

Chloro-Nitrous  Gas,  (NOgCl). — When  chlorine  is  mixed  with 
binoxide  of  nitrogen  in  the  gaseous  state,  they  combine  and  form  a 
dense  orange-coloured  gas;  4  volumes  of  the  binoxide  and  2 
volumes  of  chlorine  produce  4  volumes  of  the  new  compound.  It 
cannot  be  formed  over  mercury,  as  it  is  immediately  decomposed 
by  this  metal. 

Aqua  regia,  under  certain  circumstances,  may  produce  both 
chloro-nitric  and  chloro-nitrous  gas,  just  as  the  deutoxide  of 
nitrogen  may,  according  to  the  circumstances  under  which  it  is 
mixed  with  oxygen,  form  nitrous  acid,  or  peroxide  of  nitrogen. 
In  the  early  stages  of  the  decomposition  of  aqua  regia,  the  product 
is  nearly  pure  chloro-nitric  gas  (NO2CI2),  but  as  the  decom- 
position advances,  the  quantity  of  chloro-nitrous  gas  (NOg  CI) 
increases.  Neither  of  these  chlorine  compounds  exerts  any  solvent 
action  upon  gold  or  platinum. 

Aqua  regia  is  largely  employed  as  an  oxidizing  agent ;  by  its  ac- 
tion perchlorides  of  the  metals  are  formed  in  solution,  and  when  the 
liquid  is  decomposed  by  an  alkali^  the  corresponding  oxide  of  the 
metal  is  precipitated.  By  boiling  the  solutions  of  the  metals  in  aqua 
regia  with  an  excess  of  hydrochloric  acid,  the  whole  of  the  nitric 
acid  may  be  decomposed  and  expelled,  and  a  pure  solution  of  the 
metallic  chlorides  with  excess  of  hydrochloric  acid  will  be  formed. 

Oxides  of  Chlorine. — The  affinity  of  chlorine  for  oxygen  is 
so  feeble  that  the  two  elements  do  not  enter  directly  into  com- 
bination. Several  compounds  of  oxygen  and  chlorine  may  be 
obtained  by  indirect  methods.  Five  of  these  oxides  may  here  be 
described : — 
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Hypochlorous  acid CIO 

Chlorous  acid CIO3 

Peroxide  of  chlorine CIO4 

Chloric  acid CIO5 

Perchloric  acid CIO7 

(318)  Hypochlorous  Acid,  (CIO);  Equivalent,  43*5;  Specific 
Gravity  J  2*977  ;  Combining  Volume,  2.' — If  chlorine  in  a  perfectly- 
dry  state  be  passed  slowly  through  a  tube,   d,  fig.  2^6,  filled  with 


Fig.  256. 
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well  dried  oxide  of  mercury,  obtained  by  precipitation  from  solution 
of  corrosive  sublimate  by  means  of  potash,  immediate  action  com- 
mences ;  and  a  gas  is  produced  which  may  be  condensed  into  a  liquid 
by  surrounding  the  receiver,  e,  with  a  mixture  of  ice  and  salt.  The 
chlorine  is  prepared  in  the  ftask,  a,  washed  in  water  in  the  bottle,  b, 
and  dried  by  allowing  it  to  traverse  the  bent  tube,  c,  which  is 
filled  with  pumice-stone  moistened  with  oil  of  vitriol. 

The  reaction  between  the  chlorine  and  oxide  of  mercury  is  of 
a  very  simple  nature.  An  equivalent  of  chlorine  displaces  the 
oxygen  from  the  mercury,  and  this  oxygen  at  the  moment  of  its 
liberation  unites  with  a  second  equivalent  of  chlorine  to  form  hypo- 
chlorous acid. 

Oxide  mere.       Chlorine.    Chlor.  mere.  Hypochlor.  acid. 

H^  +Tcr=  H^  +  ClO^ 
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HypocMorons  acid  is  thus  procured  as  a  deep  red  liquid,,  which 
boils  at  about  68°  F.^  emittiug  a  vapour  of  a  deeper  colour  than 
that  of  chlorine,  with  a  peculiar  suffocating  chlorous  sraell.  This 
gas  is  remarkable  for  the  ease  with  which  it  is  decomposed,  the 
warmth  of  the  hand  causing  its  separation  into  chlorine  and  oxygen 
with  explosion ;  2  volumes  of  the  acid  in  this  way  produce  a  mix- 
ture composed  of  2  volumes  of  chlorine  and  i  of  oxygen.  Its 
specific  gravity  has  been  found  to  be  2*97 7^,  which  is  almost  exactly 
that  which  would  be  given  by  the  condensation  of  the  two  gases  in 
the  proportions  just  mentioned,  the  three  volumes  occupying  the 
space  of  two  when  combined. 

Water  dissolves  about  200  times  its  bulk  of  hypochlorous 
acid  gas,  and  forms  with  it  a  pale  yellow  solution,  which  has  an 
acrid,  but  not  sour  taste.  In  a  concentrated  form  it  is  very 
unstable ;  it  is  rapidly  decomposed  when  exposed  to  the  light,  bubbles 
of  chlorine  escape  from  it,  whilst  chloric  acid  is  formed.  Hypo- 
chlorous  acid  acts  upon  the  metals  as  a  powerful  oxidizing  agent ;  it 
attacks  the  skin  and  turns  it  brown ;  but  its  most  important  property 
is  its  bleaching  power,  which,  according  to  the  experiments  of  Gay 
Lussac,  is  twice  as  great  as  that  of  the  chlorine  in  its  composition. 
Hypochlorous  acid  combines  with  the  alkalies  and  earths,  and 
forms  with  them  compounds  which  are  decomposed  even  by  feeble 
acids,  such  as  the  carbonic ;  the  liberated  hypochlorous  acid  shows 
its  usual  bleaching  action  on  vegetable  colours.  The  solutions  of 
these  salts  are  decomposed  by  gently  heating  them,  and  they  become 
converted  into  a  mixture  of  chloride  and  chlorate :  thus — 

Hypochlorite 
of  potash. 


3  (KO,  CIO)  become  2  KCl  +  KO,  CIO5. 

This   change  is  retarded  by  the   addition  of  an   excess  of  caustic 
alkali. 

When  chlorine  acts  upon  bases  which  have  but  a  feeble  affinity 
for  oxygen,  these  bases  are  often  completely  decomposed  In  con- 
sequence of  this  reaction,  a  weak  solution  of  hypochlorous  acid  is 
easily  prepared  by  agitating  i  part  of  the  red  oxide  of  mercury  with 
1 2  of  water  in  a  large  bottle  of  chlorine  gas,  care  being  taken  that 
the  oxide  of  mercury  is  in  slight  excess.  The  chlorine  is  rapidly 
absorbed;  part  of  the  oxide  of  mercury  is  decomposed  by  the 
chlorine,  and  the  chloride  of  mercury  thus  produced  unites  with  a 
portion  of  unchanged  oxide  of  mercury,  forming  a  brown  insoluble 
oxychloride  of  that  metal ;    and  the  solution  on  being   decanted 
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is   found  to   contain,   hypochlorous   acid.      The    reaction    may  be 
represented  as  follows  : — 

Oxide  mercury.      Chlorine.     Oxychloride  mercury.   Hypochlor.  acid. 

fn^O  +  TcT  =  (H^O^H^l)  +'cio 

(319)  Bleaching  Compounds. — If  the  base  upon  which  chlorine 
is  made  to  act  be  a  powerful  one,  like  the  alkalies  or  alkaline 
earths,  the  gas  is  absorbed,  and  peculiar  compounds  possessed  of 
bleaching  properties  are  produced.  It  is  in  this  way  that  the 
bleaching  compounds  so  extensively  used  in  the  arts  under  the 
names  of  chloride  of  lime,  chloride  of  potash,  and  chloride  of  soda, 
are  prepared. 

Of  these  bleaching  compounds  the  chloride  of  lime  is  the  most 
important.  It  is  prepared  by  slaking  well  burnt  lime,  and  exposing 
it  to  the  action  of  chlorine  gas  in  layers  of  two  or  three  inches  in 
thickness,  upon  perforated  shelves  in  chambers  made  of  lead  or 
Yorkshire  flagstones  The  chlorine  must  be  gradually  admitted,  in 
order  to  prevent  too  rapid  a  rise  of  temperature  consequent  upon 
a  quick  absorption  of  the  gas.  Slacked  lime  (CaO,  HO)  may 
in  this  operation  be  made  to  take  up  nearly  half  its  weight  of 
chlorine ;  but  it  is  not  possible  to  combine  hydrate  of  lime  in  the 
form  of  powder  with  an  entire  equivalent  of  chlorine  so  as  to  form 
the  compound  CaO  CI.  The  product  always  contains  a  consi- 
derable excess  of  uncombined  lime.*  Many  chemists  consider  both 
this  compound,  and  the  corresponding  compounds  with  potash  and 


*  A  few  years  ago,  Mr.  Dunlop,  of  the  St.  EoUox  Works,  Glasgow,  intro- 
duced a  method  of  preparing  chlorine  for  the  manufacture  of  bleaching 
powder,  by  decomposing  a  mixture  of  common  salt  and  nitrate  of  soda  with 
sulphuric  acid.  In  this  operation  chlorine  and  nitrous  acid  were  evolved, 
whilst  sulphate  of  soda  was  produced  ;  the  reaction  may  be  traced  by  the 
equations  following  : — 

Chloride  sodium.        Nitrate  soda.        Sulph.  acid.        Sulphate  soda.         Chlorine.         Nitrous  acid. 

The  mixed  gases  were  made  to  pass  through  a  vessel  containing  strong  oil  of 
vitriol,  by  which  the  nitrous  acid  was  rapidly  absorbed,  whilst  the  chlorine 
passed  on  to  the  lime.  A  current  of  air  was  made  to  act  on  the  nitrous  sul- 
phuric acid,  the  nitrous  acid  became  converted  into  nitric  acid  by  absorption 
of  oxygen,  and  the  mixed  acids  being  made  to  act  upon  fresh  chloride  of 
sodium,  without  the  addition  of  nitre,  gave  rise  to  a  similar  succession  of 
decompositions  : — 

Sulph.  acid.        Nitric  acid.        Chloride  Sodium.         Sulph.  soda.        Chlorine.    Nitrous  acid. 

'(TsOg   +    NO^    +     2^5^01  =  2  ("NaO^OJ  +Tcr  +  i?o7 

The  nitrous  sulphuric  acid  may  also  be  at  once  made  use  of  in  the  leaden 
chambers  in  the  manufacture  of  oil  of  vitriol  (344). 
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soda  to  be  hypochlorites  of  the  bases  which  enter  into  their  forma- 
tion. This  however  is  more  than  questionable :  they  are  probably 
direct  combinations  of  chlorine  with  the  oxides,  or  are  double  salts 
of  the  hypochlorite  of  the  oxide  and  chloride  of  the  metal.  If  the 
compound  be  supposed  to  be  a  pure  chloride  of  lime  or  oxy chloride  of 
calcium,  the  reaction  is  simply  an  absorption  of  chlorine,  by  which 
the  compound  CaO  CI,  is  formed;  but  if  it  be  supposed  that  a 
hypochlorite  is  produced,  the  following  decomposition  must  occur  : — 

Lime.  Chlorine.  ^S  ""T^S^'' 

fc^  +  TcT  =    cTci  +  CaoTciO. 

Chloride  of  calcium  is  deliquescent,  and  is  soluble  in  alcohol ;  but 
bleaching  powder,  when  properly  made,  is  not  deliquescent,  and 
yields  scarcely  any  chloride  of  calcium  to  alcohol. 

Chloride  of  lime  emits  the  peculiar  odour  of  hypochlorons 
acid  when  exposed  to  the  air ;  under  these  circumstances  it  gra- 
dually absorbs  carbonic  acid  and  exhales  chlorine, — a  circumstance 
which  causes  it  frequently  to  be  nsed  as  a  disinfecting  agent. 
Cloths  dipped  in  an  aqueous  solution  of  the  chloride,  when  hung  up 
in  the  room  to  be  fumigated,  continue  for  many  hours  gradually  to 
emit  chlorine,  but  in  quantities  too  small  to  be  injurious  to  the  in- 
mates. Chloride  of  lime  is  only  partially  soluble  in  water,  and  leaves 
a  large  residue  of  hydrate  of  lime.  An  excess  of  any  acid  when  poured 
upon  the  powder  causes  a  free  evolution  of  chlorine ;  but  if  the 
aqueous  solution  be  mixed  with  half  the  quantity  of  sulphuric  acid 
required  to  neutralize  the  lime,  hypochlorous  acid  may  be  distilled 
oflf  and  condensed  in  a  diluted  form  in  a  suitable  receiver.  The 
reaction  which  occurs  may  be  thus  represented  : — 

CMorideoflune.  ^-  Sulph.  lime.  ^^^        ^/rS.^- 

2,  (C^oTci)  +'so7yield  CaO^Og  +Crci  +  CIO? 

Chloride  of  lime  is  consumed  in  vast  quantities  in  the  bleach- 
ing of  calicoes  and  other  woven  goods.  The  calico  is  well  washed, 
and  boiled  successively  with  lime  water  and  a  weak  solution  of 
caustic  soda,  in  order  to  remove  the  weaver's  dressing,  and  greasy 
and  resinous  matters ;  it  is  then  digested  in  a  solution  of  chloride 
of  lime,  containing  2  or  2I  per  cent,  of  bleaching  powder.  The 
bleaching  effect  of  this  solution  is  not  hoAvever  rendered  apparent 
till  the  goods  are  immersed  into  very  dilute  sulphuric  acid,  which 
decomposes  the  chloride  of  lime  immediately,  and  by  liberating 
chlorine  within  the  fibres  of  the  cloth  itself,  rapidly  removes  the 
colour.  Still,  however,  it  is  not  perfectly  white.  The  calico  is 
therefore  washed,  and  a  second   time  subjected  to  the   action  of 
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alkali,  to  remove  the  colouring  matter  now  rendered  soluble  in  it 
by  the  action  of  the  chlorine ;  again  it  is  passed  through  a  weaker 
solution  of  chloride  of  lime,  and  then  through  dilute  acid  :  finally  it 
is  thoroughly  washed  in  a  copious  stream  of  water,  to  remove  the  last 
traces  of  sulphuric  acid,  which  would  otherwise  destroy  the  fibre. 

(320)  Estimation  of  the  Bleaching  Power  of  Chloride  of  Lime. — 
The  commercial  value  of  bleaching  powder  depends  upon  the  quan- 
tity of  chlorine  which  can  be  liberated  from  it  by  the  addition  of 
an  acid ;  for  it  is  this  portion  of  its  chlorine  only  which  is  available 
for  bleaching  purposes.  Gay  Lussac  proposed  to  estimate  the 
bleaching  power  by  measurement  of  the  bulk  of  a  solution  of  indigo 
of  known  strength  which  a  given  weight  of  the  chloride  is  able  to 
bleach ;  and  subsequently  he  proposed  to  determine  the  quantity 
of  arsenious  acid  which  could  be  converted  by  the  bleaching  powder 
into  arsenic  acid. 

A  still  more  convenient  plan  has  been  described  by  Mr.  Graham 
[Elem.  Chem.  2nd  Ed.  p.  592).  It  depends  upon  the  determina- 
tion of  the  quantity  of  a  protosalt  of  iron  which  a  given  weight  of 
bleaching  powder  in  the  presence  of  an  excess  of  acid  can  convert 
into  a  salt  of  the  sesquioxide  of  iron  :  if  protosulphate  of  iron  be  used, 
I  equivalent  of  chlorine  is  required  for  the  conversion  of  2  equiva- 
lents of  that  salt  into  i  equivalent  of  sesquisulphate  of  iron ;  the 
chlorine  decomposing  water  and  becoming  hydrochloric  acid,  while 
it  liberates  a  coiTcsponding  quantity  of  oxygen,  which  combines 
with  the  protoxide  of  iron  :  thus — 


2  (FeO,S03)  +  2  (HCSOg)  +  CaO,Cl  = 
3,  3  SO3    +    HCl    +    CaO,S03    4-    HO. 


FcaO: 


Seventy-eight  grains  of  crystallized  protosulphate  of  iron  contain  a 
quantity  of  protoxide  which  require  10  grains  of  chlorine  for  its 
conversion  into  sesquioxide  of  iron.  In  making  an  experiment 
upon  the  value  of  a  bleaching  powder,  78  grains  of  the  protosul- 
phate are  dissolved  in  about  2  ounces  of  water, 
and  acidulated  with  sulphuric  or  hydrochloric 
acid  ;  50  grains  of  the  bleaching  powder  are 
rubbed  up  in  a  mortar  with  2  ounces  of  warm 
water,  and  transferred  to  a  burette,  or  tall  narrow 
tube  (fig.  257),  capable  of  holding  1000  grains  of 
water,  and  graduated  into  100  equal  parts  from 
above  downwards.  The  mortar  is  washed  with 
a  little  more  water,  and  the  washings  added  to 
the  liquid  in  the  burette,  which  is  filled  up  ex- 
actly to  0°.     The  openings  at  top  are  closed  with 


Fig.  21^7. 
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the  finger  and  thnmb^  and  the  contents  of  the  vessel  are  mixed 
thoroughly  by  agitation.  The  solution  of  chloride  of  lime  is  then 
added  gradually  to  the  sulphate  of  iron^  (constantly  stirring  the 
mixturej  until  the  whole  of  the  iron  is  peroxidized.  The  progress 
of  the  experiment  is  ascertained  by  means  of  a  solution  of  the  red 
prussiate  of  potash,  which  strikes  a  deep  blue  with  the  liquid  if  it 
contain  any  unchanged  protosulphate.  Several  drops  of  this 
liquid  are  spotted  over  a  white  plate^  and  after  each  addition  of 
the  chloride  of  lime  to  the  protosulphate^  a  drop  of  the  iron  solu- 
tion is  mixed  with  one  of  these,,  and  the  addition  of  the  chloride  is 
continued  so  long  as  the  blue  colour  appears.  The  stronger  the 
bleaching  powder^  the  fewer  will  be  the  number  of  divisions 
required  to  be  poured  from  the  burette.  This  number  of  divisions 
divided  by  2  will  indicate  the  number  of  grains  of  bleaching 
powder  which  contain  10  grains  of  available  chlorine.  The  strength 
of  the  powder  is  therefore  obtained  by  the  following  proportion^  in 
which  m  represents  the  number  of  measures  poured  from  the 
burette : — 
J  :  10  :  :  TOO  :  <r  (the  number  of  grains  of  chlorine  in  100  grains 
of  the  powder) ;      or  ^=  a?. 

The  process  of  converting  a  protoxide  of  a  metal  into  one  of 
its  higher  oxides,  by  means  of  chloride  of  lime,  admits  of  being 
employed  in  a  variety  of  other  cases,  solution  of  chloride  of 
lime  when  mixed  with  hydrochloric  acid,  being  in  fact  a  power- 
ful oxidizing  agent.  Peroxides  of  bismuth,  of  cobalt,  of  nickel, 
and  of  lead,  may  be  obtained  readily  by  adding  such  a  mixture  to 
solutions  of  the  salts  of  these  metals  and  heating  the  liquid. 

(321)  Chloric  Acid,  (CIO5);  Equivalent,  75'5. — This  compound 
is  not  known  in  an  isolated  form,  as  it  has  never  been  obtained 
with  less  than  i  equivalent  of  water  as  a  hydrate  (HO,  CIO5).  If  a 
current  of  chlorine  gas  be  caused  to  pass  through  a  solution  of 
caustic  potash,  it  is  rapidly  absorbed,  even  when  transmitted  in  a 
continuous  stream,  and  a  bleaching  liquid  is  formed,  which,  on  the 
application  of  heat,  loses  its  bleaching  properties,  and  is  gradually 
converted  into  a  mixture  of  chloride  of  potassium  and  chlorate  of 
potash;  6  equivalents  of  chlorine  and  6  of  potash  furnishing  5 
equivalents  of  chloride  of  potassium,  and  i  of  the  chlorate. 

6  CI  +  6  KO  =  5  KCl  +  KO,  CIO5. 
The  chlorate  of  potash  being  sparingly  soluble,  is  freed  from  the 
chloride   by  two    or   three    crystallizations.      In    order   to    obtain 
chloric  acid,  the  salt  is  decomposed  by  the  addition  of  hydro-fluo- 


CHLORIC    ACID CHLORATES.  535 

silicic  acid,  which  forms  an  insoluble  compound  with  the  potash, 
and  chloric  acid  is  liberated;  the  acid  solution  may  be  poured  off 
from  the  precipitate,  and  concentrated  by  evaporation  over  the  water 
bath  at  a  heat  not  exceeding  ioo°  F.,  till  it  forms  a  syrupy  liquid  of 
a  faint  chlorous  smell,  and  a  powerful  acid  taste.  It  is  instantly 
decomposed  by  contact  with  organic  matter,  and  in  its  concentrated 
form  it  chars  and  even  sets  fire  to  paper.  By  a  heat  of  a  little 
above  ioo°  the  acid  is  decomposed  into  oxygen  gas,  chlorine,  and 
perchloric  acid,  2  CI  65  =  CI  O7  +  O3  +  CI.  In  dijffused  daylight,  it 
gradually  undergoes  spontaneous  decomposition.  On  one  occasion 
a  small  specimen  sealed  up  in  a  glass  tube  was  placed  aside  upon 
a  shelf;  but  in  a  few  weeks,  although  left  untouched,  the  tube  ex- 
ploded in  consequence  of  the  expansive  force  of  the  liberated  gases. 

Chloric  acid,  when  in  combination,  requires  a  higher  tempe- 
rature for  its  decomposition.  The  action  of  heat  upon  chlorate 
of  potash  has  already  been  mentioned  as  affording  a  very  convenient 
source  of  pure  oxygen.  This  salt  when  heated  to  a  point  a  little 
short  of  redness,  fuses  and  is  converted  into  chloride  of  potassium 
and  oxygen  gas,  KO,  C105=KCl  +  06. 

This  decomposition  also  furnishes  data  for  ascertaining  the  con- 
stitution of  chloric  acid ;  for  if  a  given  weight  of  the  chlorate  be 
calcined,  the  loss  indicates  the  entire  quantity  of  oxygen  which 
it  contained,  due  both  to  the  chloric  acid,  and  to  the  potash.  The 
proportions  of  chlorine  and  of  potassium  in  chloride  of  potassium 
being  known,  the  composition  of  chloric  acid  is  readily  calculated. 

Chlorates. — The  chlorates  are  monobasic  salts.  They  are  all 
of  them  decomposed  by  heat ;  oxygen  is  expelled,  and  generally  a 
chloride  of  the  metal  is  left  behind  ;  the  chloride  can  be  detected  in 
the  residue  by  nitrate  of  silver.  The  chlorates  produce  scintilla- 
tion when  thrown  upon  ignited  charcoal ;  and  when  heated  with 
combustible  substances,  such  as  phosphorus  or  sulphur,  they  explode 
violently ;  it  generally  happens  that  mere  friction  with  these  bodies 
is  sufficient  to  cause  a  powerful  detonation ;  for  example,  if  half  a 
grain  of  sulphur  be  triturated  in  a  mortar  with  2  or  3  grains  of 
chlorate  of  potash,  the  friction  is  attended  with  a  series  of  small  ex- 
plosions. When  a  fragment  of  a  chlorate  is  placed  in  a  drop  of  oil 
of  vitriol,  a  yellow  colour  is  produced,  and  the  peculiar  smell  of  per- 
oxide of  chlorine  is  evolved.  All  the  chlorates  dissolve  in  water,  and 
many  of  them  are  deliquescent,  and  dissolve  in  alcohol ;  these  solu- 
tions are  not  precipitated  by  nitrate  of  silver.  Paper  soaked  in  a 
solution  of  a  chlorate  acquires  the  property  of  smouldering  on  the 
application  of  a  lights  and  burns  in  the  same  manner  as  touch-paper. 
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Chlorate  of  potash^  when  in  solution,  often  affords  a  convenient 
method  of  converting  the  metallic  protoxides  into  peroxides  ;  as  by 
the  addition  of  hydrochloric  acid  to  the  solution,  chloric  acid  is  set 
at  liberty,  and  exerts  its  oxidizing  power.  Iron,  for  example, 
which  exists  in  a  solution  as  a  protosalt,  is  thus  readily  converted 
into  a  persalt  when  the  liquid  is  boiled. 

(322)  Perchloric  Acid,  (CIO7) ;  Equivalent,  ^i'^. — If  instead 
of  heating  the  chlorate  of  potash  to  complete  decomposition,  the 
temperature  be  moderated  and  the  process  stopped  when  one-third  of 
the  total  quantity  of  oxygen  has  been  expelled,  the  mass  will  have 
assumed  a  pasty  condition,  and  will  be  found  to  contain  a  compound 
of  chlorine  with  a  still  higher  proportion  of  oxygen,  to  which  the 
name  of  perchloric  acid  has  been  given ;  this  compound  remains  in 
combination  with  the  potash.  The  reaction  appears  to  consist  in 
the  resolution  of  2  equivalents  of  the  chlorate  into  i  equivalent  of 
perchlorate  (KO,  CIO7)  and  i  of  chlorite  of  potash  (KO,  CI  O3), 
this  latter  salt  being  unable  to  exist  at  so  high  a  temperature,  is 
immediately  converted  into  oxygen  gas,  and  chloride  of  potassium, 
as  follows : — 

Chlorate  Chlorite  Perchlorate  Chlorite  Chloride    r)™.„gj, 

potash.  potash.  potash.  potash.  potassium.     ^^     ' 


2  KO,  C105  =  K0,  CIO3  +  KO,  CIO7  and  KO,  C103  =  KC1  +  O4. 

By  crystallization  the  perchlorate  of  potash  is  readily  separated 
from  the  more  soluble  chloride.  The  perchlorate  dissolves  in 
boiling  water,  but  being  very  sparingly  soluble  at  ordinary  tempe- 
ratures, separates  in  octohedra.  At  a  red  heat  the  perchlorate 
is  itself  resolved  into  oxygen  and  chloride  of  potassium.  One 
method  of  obtaining  perchloric  acid  in  the  form  of  hydrate  consists 
in  distilling  the  perchlorate  of  potash  with  twice  its  weight  of  sul- 
phuric acid  diluted  previously  with  one-tenth  its  weight  of  water. 
If  the  receiver  be  kept  cool  by  ice,  the  first  portions  that  distil 
over  crystallize.  A  large  proportion  of  the  acid,  however,  is  decom- 
posed into  chlorine  and  oxygen  gases.  The  crystals  of  the  acid 
are  very  deliquescent ;  a  saturated  solution  may  be  obtained  of 
specific  gravity  i'6^.  This  solution  is  of  a  pure  sour  taste,  and 
does  not  destroy  vegetable  colom's  ;  perchloric  acid,  indeed,  is  the 
most  stable  of  all  the  oxides  of  chlorine.  It  will  even  dissolve 
iron  and  zinc  with  evolution  of  hydrogen  gas. 

Perchloric  acid  forms  salts  which  all  contain  i  equivalent  of 
base.  The  salts  of  this  acid  in  general  are  deliquescent.  No  in- 
soluble perchlorate  is  known  :  the  perchlorate  of  potash  is  the  least 
soluble  of  these  compounds.  They  are  all  decomposed  by  heat,  with 
evolution  of  oxygen  and  formation  of  a  chloride,  but  may  be  distin- 
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giiislied   from  the  chlorates  by  not  yielding  a  yellow   gas  when 
moistened  with  oil  of  vitriol. 

(323)  Chlorous  Acid,  (CIO.3) ;  Equivalent,  595;  Specific 
Gravity,  t6^6  ;  Combining  Volume,  % This  substance  may  be  ob- 
tained in  the  form  of  a  gas  of  a  deep  yellowish-green  colour ;  it  is 
not  liquefied  by  exposure  to  a  cold  of  — 4°  F.  Chlorous  acid  is  a 
dangerous  compound  to  prepare,  as  exposure  to  a  temperature  not 
much  exceeding  130°  F.  is  sufficient  to  decompose  it  with  a  powerful 
explosion.  Three  volumes  of  oxygen  and  2  of  chlorine,  if  condensed 
into  the  space  of  3  volumes,  would  yield  a  gas  of  specific  gravity 
2*75  ;  Millon  found  it  to  be  %'6Afi.  This  gas  is  soluble  in  about  one- 
sixth  of  its  bulk  of  water,  and  the  solution,  even  when  diluted 
very  largely,  has  a  bright  yellow  colour.  The  compound  is  pre- 
pared by  deoxidizing  chloric  acid ;  this  object  is  effected  by  means 
of  arsenious  acid  when  the  gas  is  required  in  a  state  of  purity. 
Three  parts  of  arsenious  acid  and  4  parts  of  chlorate  of  potash  are 
rubbed  up  into  a  paste  with  water,  and  16  parts  of  nitric  acid,  of 
specific  gravity  i'24  are  added;  the  whole  is  placed  in  a  flask, 
which  is  filled  up  to  the  neck  with  the  mixture,  and  a  very  gentle 
heat  is  applied  by  means  of  a  water  bath.  (Millon,  Ann.  de  Chimie, 
III.  vii.  322).  The  arsenious  acid  becomes  oxidized  at  the  expense 
of  the  nitric  acid ;  nitrous  acid  is  formed,  and  this  in  turn  is 
reconverted  into  nitric  acid  by  decomposing  the  liberated  chloric 
acid  :  for  example — 

Arsenious  Nitric  Arsenic  Nitrous 

acid.  acid.  acid.  acid. 

AsOg  +  NO5  =  A^  +  NO^ 

Chlorate  Nitrate 

potash.  potash. 


and  NO3  +  KO,  CIO5  =  KO,  NOg  +  CIO3 

The  gas  must  be  collected  by  displacement  in  dry  bottles,  as  it  is 
rapidly  decomposed  by  mercury. 

Chlorous  acid  possesses  considerable  bleaching  power ;  it  forms 
definite  salts,  containing  i  equivalent  of  acid  to  i  of  base,  like 
chlorite  of  potash  (KO,  CIO3).  The  chlorites  are  decomposed  by 
the  feeblest  acids,  such  even  as  carbonic  acid.  Nitrate  of  lead 
produces  a  yellowish- white  precipitate  in  their  solutions,  owing  to 
the  formation  of  a  chlorite  of  lead  (PbO,  CIO3). 

(324)  Peroxide  OF  Chlorine,  (CIO4);  Equivalent,  6"]'^-,  Calcu- 
lated Density,  2"^4fi' — This  compound  is  also  gaseous  at  ordinary 
temperatures,  but  by  slight  pressure  or  by  exposure  to  a  cold  of 
— 4°  F.,  it  is  reducible  to  a  red  liquid,  which  boils,  when  the 
pressure  is  removed,  at  68°  F.     It  is  of  a  colour  still  deeper  than 
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that  of  chlorous  acid,  and  lias  a  similar  but  less  irritating  odour. 
Water  dissolves  about  twenty  times  its  bulk  of  the  gas,  and  forms 
a  yellow  solution,  which  bleaches  powerfully.  The  gas  requires 
great  care  in  its  preparation,  as  a  temperature  of  140°  or  145°  F. 
determines  its  explosion,  4  volumes  of  this  gas  furnishing  a  mixture 
of  4  volumes  of  oxygen  and  2  volumes  of  chlorine.  Peroxide  of 
chlorine  may  be  thus  obtained  : — fused  chlorate  of  potash  is  broken 
into  coarse  fragments,  and  treated  with  two-thirds  of  its  weight  of 
oil  of  vitriol,  the  action  being  favoured  by  a  very  gentle  heat.  The 
reaction  is  rather  complicated;  4  equivalents  of  sulphuric  acid  de- 
compose 3  equivalents  of  the  chlorate,  2  equivalents  of  the  peroxide 
of  chlorine  escape,  whilst  2  equivalents  of  bisulphate  of  potash  and 
J  of  perchlorate  are  formed. 


Chlorate  Potash. 


5ulphuric  acid. 


3  (KO,  CIO5)  +  4  (HO,  SO3) 
yield 

Perox.  Chlorine.   Perchlorate  potash.  Bisulphate  potash. 


Water. 


Fig.  258. 


2  CIO4  +  KO,  CIO7  -f  2  (KO,  HO,  2  SO3)   +  2  HO. 

Peroxide  of  chlorine  acts  rapidly  upon  mercury,  and  must 
therefore  be  collected  by  displacement.  Mere  contact  w4th  many 
combustible  matters  at  once  determines  its  explosion.  Place,  for 
instance,  4  or  5  grains  of  chlorate  of  potash  at  the  bottom  of  a  tall 

glass,  and  pour  upon  it  a  little  water;  then 
having  placed  the  glass  in  a  deep  plate 
(fig.  258),  add  a  piece  of  phosphorus  about 
the  size  of  a  pea,  and  by  means  of  a  long 
funnel  pour  slowly  in  about  a  tea-spoonful 
of  oil  of  vitriol ;  flashes  of  a  beautiful  green 
light,  attended  with  a  crackling  noise,  will 
be  immediately  produced.  If  loaf  sugar 
and  chlorate  of  potash  be  separately  pow- 
dered, and  mixed  in  equal  proportions 
with  each  other  by  means  of  a  spatula, 
the  addition  of  a  drop  of  sulphuric  acid 
will  liberate  peroxide  of  chlorine,  which  will  be  decomposed  by 
the  combustible  matter,  and  sufficient  heat  will  be  emitted  to  cause 
the  mass  to  burst  into  flame,  and  to  deflagrate  with  great  brilliancy. 
Peroxide  of  chlorine  is  not  possessed  of  acid  properties;  alkaline 
solutions,  however,  absorb  it  rapidly,  but  when  evaporated,  they 
yield  a  mixture  of  chlorite  and  chlorate  of  the  base. 

Perox.  Chlorine.      Potash.  Chlorite  potash.  Chlorate  potash. 

fcio^  +  rSB  =  Korci03  +  KoTcio^. 
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Other  oxides  of  clilorine  have  been  obtained;  they  have  a 
composition  which  may  be  explained  by  considering  them  as  com- 
pounds of  chlorous  acid  with  chloric  or  with  perchloric  acid  ;  they 
however  present  but  few  points  of  interest.  Davy^s  euchlorine,  which 
is  evolved  on  gently  heating  a  chlorate  with  hydrochloric  acid^  is  a 
yellow  explosive  gas,  consisting  of  a  mixture  of  chlorine  with  one  of 
these  compound  oxides,  the  chloro-chloric  acid  [i  ClOg^ClOg). 

(325)  Chloride  of  Nitrogen. — The  affinity  existing  between 
chlorine  and  nitrogen  is  very  feeble,  only  one  compound  of  them 
being  known ;  and  this  is  always  obtained  by  indirect  means.  '* 

When  a  stream  of  chlorme  gas  is  transmitted  through  a  solu- 
tion of  ammonia,  hydrochloric  acid  is  formed,  and  pure  nitrogen 
is  liberated.  If  the  solution  be  concentrated,  each  bubble  of 
clilorine  produces  a  flash  of  light.  This  process  is  sometimes 
resorted  to  for  procuring  nitrogen,  which  only  requires  washing  with 
water  to  remove  the  traces  of  ammonia  that  accompany  it.  One 
equivalent  of  ammonia,  when  decomposed  by  3  of  chlorine,  yields 
I  equivalent  of  nitrogen;   H3N  +  3C1  =  3HC1  +  N. 

But  if  instead  of  acting  on  a  solution  of  free  ammonia,  a  bottle 
of  chlorine  perfectly  clear  from  greasy  matter  be  inverted  over  a 
leaden  dish  containing  a  solution  of  i  part  of  sal  ammoniac 
(H4N  CI),  in  12  parts  of  water,  drops  of  a  yellow  oily-looking  liquid 
gradually  form  on  the  surface  of  the  liquid  and  fall  to  the  bottom, 
whilst  the  chlorine  slowly  disappears  :  this  liquid  is  the  substance 
known  as  chloride  of  nitrogen;  it  has  a  specific  gravity  of  1*653,  ^^ 
very  volatile,  and  possesses  a  peculiar  penetrating  odour.  Chloride  of 
nitrogen  is  one  of  the  most  dangerous  compounds  known,  as  it 
explodes  with  tremendous  violence  when  heated  to  between  200°  and 
212°  F.,  emitting  a  flash  of  light  when  the  detonation  occurs.  The 
explosion  is  so  sudden  that  it  invariably  breaks  any  glass  or  porcelain 
vessel  in  which  it  may  be  contained  :  hence  a  leaden  saucer  is  used 
in  preparing  the  compound.  Chloride  of  nitrogen  also  explodes 
violently  at  ordinary  temperatures  when  brought  into  contact  with 
many  inflammable  substances,  such  as  oil  of  turpentine,  phosphorus, 
and  the  fixed  oils.  The  alkalies  also  cause  its  immediate  explosion. 
On  the  other  hand,  it  does  not  explode  when  touched  with  the  resins, 
the  strong  acids,  with  metallic  bodies  in  general,  or  with  sugar. 

Little  or  nothing  is  known  of  the  cause  of  these  remarkable 
reactions,  or  of  the  light  and  heat  emitted  when  the  chloride 
explodes,  by  slightly  elevating  its  temperature ;  in  this  case  and  in 
the  analogous  instances  of  the  explosion  of  the  oxides  of  chlorine, 
light  is  emitted,  not  during  the  act  of  combination  as  is  usual,  but 
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during  the  expansion  and  sudden  separation  of  tlie  two  gaseous 
elements. 

The  analysis  of  this  body  is  attended  with  great  difficulty; 
indeed  considerable  doubt  exists  as  to  its  true  composition.  It  is 
highly  probable  that  it  is  not  simply  a  chloride  of  nitrogen,  but  a 
combination  of  chlorine,,  nitrogen,  and  hydrogen  (HClg  N  +  CI3  N), 
somewhat  analogous  to  the  corresponding  explosive  compound  which 
iodine  forms.    (Gladstone,  Quart.  Journ.  Chem.  Soc,  vol,  vii.,  p.  59.) 

(326)  Chlorides  of  Carbon. — Chlorine  does  not  unite  directly 
with  carbon,  but  Dr.  Faraday  succeeded  in  procuring  several 
compounds  between  these  elements  by  the  decomposition  of  Dutch 
liquid,  a  compound  of  carbon  and  hydrogen  with  chlorine,  obtained 
under  circumstances  which  will  be  explained  when  treating  of 
defiant  gas  (400). 

Subchloride  of  Carbon  (C4  CI2)  forms  fine  silky  crystals,  which 
sublime  in  closed  vessels  without  change;  it  is  soluble  in  ether. 
This  substance  is  obtained  by  decomposing  the  protochloride  of 
carbon  (C4CI4)  by  causing  it  to  pass  several  times  through  a  tube 
heated  to  bright  redness.      It  burns  with  a  red  smoky  flame. 

Protochloride  of  Carbon  (C4  CIJ  was  procured  by  Faraday  from 
the  sesquichloride  (C^  Clg)  by  subliming  it  repeatedly  through  a 
tube  filled  with  fragments  of  glass,  heated  to  redness.  It  is  a 
colourless  liquid,  of  sp.  gr.  1*552,  which  boils  at  248°  F.,  and  gives 
oflf  a  vapour  of  sp.  gr.  5*820.  It  therefore  contains  8  volumes  of 
chlorine  vapour  and  8  volumes  of  carbon  vapour,  condensed  into 
the  usual  combining  measure  of  4  volumes  :  for 

8  vols,  carbon  vapour    =  8  x  0-4146  =    3*3168 
8  vols,  chlorine  vapour  =  8  x  2*47      =  197600 

23*0768 

=  57^9 

4 

The  Sesquichloride  of  Carbon  (C4  Clg)  was  originally  obtained 
by  the  action  of  chlorine  upon  Dutch  liquid  (Faraday) ;  it  is  a  volatile 
crystalline  solid,  with  an  aromatic  odour  resembling  that  of  camphor. 
It  fuses  at  320°  and  boils  at  360°  F. ;  it  has  a  sp.  gr.  of  2,  and  is 
soluble  in  alcohol,  in  ether,  and  in  the  fixed  and  volatile  oils.  The 
density  of  its  vapour  is  8*157  (Regnault),  and  its  combining  measure 
is  4  volumes.  An  isomeric  (413)  liquid  chloride,  the  vapour  of 
which  has  a  density  of  4*082,  and  a  composition  C2CI3,  was  obtained 
by  Kegnault  by  passing  the  vapour  of  bichloride  of  carbon  (CgClJ 
through  a  tube  heated  to  low  redness. 
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Bichloride  of  Carbon  (Cg  CI  J  was  obtained  by  Regnault  from 
wood-spirit,  from  chloroform,  and  from  other  derivatives  from 
wood-spirit,  by  exposing  them  in  the  sun  to  the  action  of  an  excess 
of  chlorine.  Kolbe  also  found  that  the  vapour  of  bisulphide  of 
carbon  and  chlorine,  when  passed  through  a  porcelain  tube  heated 
to  redness,  yielded  the  same  compound.  It  is  a  colourless  liquid, 
of  sp.  gr.  1*599  ;  it  boils  at  172°  F.,  and  the  density  of  its  vapour  is 
5*30.      It  becomes  a  crystaUine  solid  of  pearly  lustre  at  — 9°  F. 

(327)  OxYCHLORiDE  OF  Carbon  :  Chlorocarbouic  Acid ;  Phos- 
gene Gas,  (COCl) ;  Equivalent,  49-5  ;  Specific  Gravity,  3*68  ;  Com- 
bining Volume,  2. — When  equal  volumes  of  carbonic  oxide  and 
chlorine  are  exposed  to  the  direct  rays  of  the  sun  they  combine, 
and  condense  into  half  their  volume.  The  combination  takes 
place  slowly  in  the  diffused  light  of  day ;  but  no  action  occurs  if 
the  two  gases  are  mixed  together  and  kept  in  a  dark  room. 
Oxychloride  of  carbon  is  a  colourless,  suffocating  gas,  which  is 
immediately  decomposed  by  water  into  carbonic  acid  and  hydro- 
chloric acid :  CO  CI  +  HO  =  CO2  +  HCl.  It  does  not  possess 
the  characters  of  an  acid ;  but  if  the  gas  be  mixed  with  ammonia 
in  the  proportion  of  i  volume  of  phosgene  to  4  of  ammonia,  both 
gases  are  condensed,  and  form  a  white  volatile  solid,  which  is 
neutral  to  test  paper,  destitute  of  smell,  soluble  in  water  and  in 
alcohol  slightly  diluted,  but  it  is  insoluble  in  ether.  This  com- 
pound is  regarded  by  Regnault  as  a  mixture  of  chloride  of  ammo- 
nium and  of  carbamide;  2  (H3N) +C0C1=H4N,  CI  +  H2N,  CO. 

§  II.  Bromine. 

Symbol,  Br;  Eq.,  80;    Combining   Volume  of  Vapour,  2;   Specific 
Gravity  of  the  Vapour,  5  34 ;  of  the  Liquid,  at  32°  F.,  3-1 87. 

(328)  Bromine  was  discovered  by  M.  Balard  in  the  year  1826, 
in  bittern,  which  is  the  mother-liquor  of  sea  water,  after  the  less 
soluble  salts  have  been  extracted  by  crystallization.  It  exists  in  sea 
water  in  minute  quantity,  amounting  generally  to  about  one  grain 
in  each  gallon.  The  bromine  appears  to  be  combined  with  mag- 
nesium, as  bromide  of  magnesium.  Many  saline  springs,  such  as 
those  of  Kreuznach  and  Kissingen,  contain  it  in  quantity  sufficient 
to  render  its  extraction  from  them  a  source  of  profit.  Indeed  few 
deposits  of  chloride  of  sodium  exist  in  which  traces  of  bromine 
have  not  been  found.  Berthier  has  also  found  it  in  a  silver  ore 
from  Mexico,  in  which  the  bromide  of  silver  is  mixed  with  a  large 
proportion  of  the  chloride  of  silver. 
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Preparation. — In  order  to  obtain  bromine,  the  mother-liquor, 
after  all  the  salts  separable  by  crystallization  have  been  removed 
from  the  brine,  is  subjected  to  a  current  of  chlorine,  taking  care  to 
avoid  an  excess  of  this  gas,  which  would  occasion  inconvenience 
by  forming  a  compound  with  the  liberated  bromine.  All  the 
bromides  are  decomposed  readily  by  chlorine,  the  affinities  of  chlo- 
rine being  more  powerful  than  those  of  bromine.  In  the  foregoing 
operation  chloride  of  magnesium  is  formed  and  bromine  is  set  free, 

MgBr  +  CI  =  MgCl  +  Br; 

the  bromine  shows  itself  by  giving  to  the  liquid  a  beautiful  and 
characteristic  yellow  colour.  This  yellow  liquid,  if  agitated  with 
ether,  parts  with  its  bromine  to  the  ether,  which,  on  standing,  rises 
to  the  surface,  where  it  forms  a  beautiful  golden  yellow  layer. 
The  ethereal  solution  is  decanted  and  agitated  with  a  solution  of 
potash.  The  yellow  colour  immediately  disappears ;  bromide  of 
potassium  and  bromate  of  potash  form,  and  are  dissolved  in  the 


water. 


Bromine.        Potash.         Bromate  potash. 


6  Br  +  6  KO  =  KO  BrO^  +  5  KBr, 

whilst  the  ether,  after  repose,  rises  again  to  the  surface  despoiled  of 
its  bromine,  and  may  be  again  employed  in  a  repetition  of  the  process 
upon  a  fresh  quantity  of  bittern.  When  the  solution  of  potash 
has,  by  repeated  charges  of  bromine,  been  nearly  neutralized,  the 
liquid  is  evaporated  to  dryness ;  the  saline  mass  is  gently  ignited 
to  decompose  the  bromate,  after  which  it  is  mixed  with  peroxide  of 
manganese  and  distilled  in  a  retort  with  sulphuric  acid :  dense  red 
vapours  of  bromine  pass  over,  which  may  be  collected  in  a  receiver 
containing  water,  and  kept  cool  by  ice.  The  decomposition  is  of 
the  same  nature  as  that  attending  the  formation  of  chlorine  from 
sea-salt,  by  means  of  oxide  of  manganese  and  sulphuric  acid : — 

Bromide  Oxide  Sulph.  Sulph.  Sulph.  -r, 

potassium.       mangan.  acid.  potash.  mangan.  Uromine. 

Sr+  MnOa  +  !Z  SO3  =  KO^^SOg  +  MnO  SO3  +  Br? 

In  this  operation  a  small  quantity  of  chlorine  passes  over  with 
the  bromine,  as,  from  the  manner  in  which  the  bromide  of  potas- 
sium is  formed,  it  is  always  contaminated  with  a  portion  of  the 
chloride.  The  chlorine  unites  with  part  of  the  bromine,  forming 
chloride  of  bromine,  which  is  partially  decomposed  and  dissolved 
by  the  water  in  the  receiver,  while  the  bromine  condenses  in  red 
drops.      In   order   to  obtain  bromine  free  from  chlorine  it   must 


BKOMINE HYDROBROMIC  ACID.  543 

be  saturated  with  hydrate  of  baryta,  which  produces  a  mixture  of 
bromide  and  chloride  of  barium  with  bromate  of  baryta ;  this 
mixture  is  heated  to  redness  to  convert  the  bromate  into  bromide ; 
and  the  residue  is  digested  in  alcohol,  which  dissolves  nothing  but 
the  bromide.  The  bromide  of  barium  is  obtained  by  evaporation, 
and  when  heated  with  manganese  and  sulphuric  acid  it  yields  pure 
bromine. 

Properties. — Bromine  forms  a  red  liquid,  so  deep  in  colour  as 
to  be  nearly  opaque.  It  has  a  sp.  gr.  of  2*966  at  60°;  it  is  ex- 
tremely volatile,  and  emits  dense  red  vapours  resembling  peroxide  of 
nitrogen  in  colour.  In  smell  it  resembles  chlorine,  and  is  extremely 
irritating  to  the  nose  and  fauces  when  respired,  even  if  largely 
diluted  with  air.  When  swallowed  it  operates  as  a  powerfully  irri- 
tating poison ;  it  acts  rapidly  on  all  the  organic  tissues,  and  renders 
the  skin  permanently  yellow.  Bromine  boils  at  i45°'4  F.  (Pierre), 
and  when  exposed  to  a  cold  of  9°'5  F.  it  forms  a  red  crystal- 
line solid.  The  properties  of  bromine  greatly  resemble  those  of 
chlorine,  though  they  are  less  strongly  developed.  It  bleaches 
many  vegetable  colours.  Its  vapour  will  not  support  the  flame  of 
a  burning  taper.  Bromine  is  slightly  soluble  in  water,  and  gives 
to  it  a  yellow  colour;  it  also  forms  with  it  a  hydrate  (Br+  10  HO) 
(Lowig,)  which  crystallizes  in  octohedra  at  32°  F.  Alcohol  dissolves 
bromine  freely,  and  ether  does  so  still  more  abundantly.  Bromine 
combines  directly  with  many  of  the  metals,  and  forms  bromides, 
the  act  of  combination  being  often  attended  with  ignition;  even 
gold  slowly  combines  with  it.  Bromine  often  combines  with  the 
same  metal  in  more  than  one  proportion,  and  the  compounds  of 
bromine  correspond  almost  always,  both  in  number  and  composition, 
with  those  of  chlorine  with  the  same  metal.  Oxybromides  may 
be  formed  resembling  the  oxychlorides ;  and  the  bromides  of  the 
alkaline  metals  form  double  bromides  with  the  bromides  of  the 
metals  which  yield  acids  with  oxygen. 

(329)  Hydrobromic  Acid,  (HBr);  Equivalent^  81 ;  Specific 
Gravity,  271  ;  Combining  Volume ,  4. — Bromine  resembles  chlorine 
in  its  power  of  combining  with  hydrogen,  and  forming  with  it  a  very 
powerful  acid,  which  is  a  gaseous  body  consisting  of  equal  measures 
of  hydrogen  and  bromine  vapour  united  without  change  of  bulk. 
The  mixture  of  bromine  vapour  and  hydrogen  cannot  be  detonated 
by  the  approach  of  flame,  or  by  the  electric  spark,  but  the  two 
elements  may  be  made  to  unite  slowly,  by  suspending  a  red-hot 
platinum  wire  in  the  mixture.  If  moisture  be  present  the  occur- 
rence of  combination  instantly  shows  itself  by  the   formation  of 
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■vvliite  fumes^  which  result  from  the  union  of  the  newly-produced 
gaseous  acid  with  the  aqueous  vapour. 

Hydrobromic  acid  gas  may  be  procured  abundantly  by  decom- 
posing bromide  of  potassium  with  a  concentrated  solution  of  phos- 
phoric acid.  If  sulphuric  acid  be  used  for  the  purpose,  the  product 
is  impure,  as  this  acid  itself  undergoes  partial  deoxidation.  The  gas 
is  colourless,  it  is  not  inflammable,  it  extinguishes  flame,  and  pos- 
sesses the  usual  irritating  action  of  acid  gases  on  the  lungs.  It  is 
very  soluble  in  water,  forming,  when  concentrated,  a  fuming  solu- 
tion of  greater  density  than  hydrochloric  acid.  A  solution  of  the 
acid  of  sp.  gr.  1*486  (HBr,  10  HO)  contains  about  47  per  cent,  of 
the  anhydrous  acid,  it  boils  at  ^159°  F.,  and  may  be  distilled  with- 
out change.  Chlorine  decomposes  it  immediately;  bromine  being 
set  free  and  hydrochloric  acid  produced. 

The  action  of  hydrobromic  acid  upon  the  metallic  oxides  is 
analogous  to  that  of  hydrochloric  acid  upon  them  ;  bromide  of  the 
metal  and  water  being  produced;  thus  hydrobromic  acid  and 
potash  combine,  and  form  bromide  of  potassium  and  water : 
KO  +  HBr  ^  KBr  +  HO. 

Bromides. — The  bromides  are  all  solid  at  ordinary  temperatures ; 
most  of  them  fuse  easily  at  a  moderate  heat,  and  are  partially  vola- 
tilized; and  the  bromides  of  gold  and  platinum  are  decomposed. 
Most  of  the  bromides  dissolve  readily  in  water,  and  when  in  solu- 
tion they  may  be  recognised  by  the  yellow  colour  of  bromine  which 
is  produced  by  the  addition  of  a  few  drops  of  chlorine  water.  On 
agitating  the  yellow  solution  with  ether  the  bromine  dissolves  in 
the  ether,  which  on  standing  separates  as  a  yellow  liquid  at  the  top 
of  the  colourless  aqueous  portion.  The  bromides,  when  heated  with 
black  oxide  of  manganese  and  oil  of  vitriol,  yield  red  vapours  of  bro- 
mine. Nitrate  of  silver  and  nitrate  of  lead  each  give  a  white  preci- 
pitate with  the  bromides,  forming  bromide  of  silver  (AgBr),  or 
bromide  of  lead  (PbBr) ;  the  bromide  of  silver  is  insoluble  in  nitric 
acid,  but  is  dissolved  by  an  excess  of  ammonia;  but  the  bromide 
of  lead  dissolves  when  dilute  nitric  acid  is  added.  Sub-nitrate  of 
mercury  also  gives  a  white  precipitate  of  dibromide  of  mercury 
(HgaBr)  when  added  to  solutions  of  the  bromides. 

(330)  Bromic  Acid,  (BrO^);  Equivalent,  120. — Only  one  com- 
pound of  bromine  with  oxygen  is  known ;  and  this  has  never  been 
obtained  free  from  water;  it  forms  an  acid  corresponding  to 
chloric  acid  in  composition.  Bromate  of  potash  is  procured  by 
acting  on  bromine  with  caustic  potash,  and  from  this  salt  the  acid 
is  obtained  by  a  process  similar  to  that  for  chloric  acid.     By  the 
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action  of  heat,  bromate  of  potash  is  decomposed,  bromide  of  potas- 
sium being  formed,  whilst  oxygen  is  liberated.  Bromates  of  silver, 
of  lead,  and  of  mercury,  are  sparingly  soluble.  All  the  salts  of 
this  acid  which  have  as  yet  been  prepared  are  monobasic. 

Chloride  of  Bromine  is  easily  prepared  by  transmitting  chlorine 
gas  through  liquid  bromine :  it  is  a  volatile,  reddish-yellow  liquid, 
with  a  pungent,  irritating  odour.  Water  dissolves  it,  forming  a 
deep  yellow  solution  possessed  of  considerable  bleaching  power. 

With  nitrogen,  bromine  forms  a  detonating  oily  looking  liquid, 
resembling  chloride  of  nitrogen  in  appearance  and  properties. 

§    III.  Iodine. 

Symbol,  I;  Equivalent,  126*8;   Combining  Volume,  2; 
Specific  Gravity  of  Vapour,  87]  6. 

(331)  Iodine,  the  third  element  in  the  group  which  w^e  are 
now  examining,  is  still  denser  than  bromine,  as  it  assumes  the  solid 
form  at  the  ordinary  temperature  of  the  air.  Its  discovery  dates 
back  to  the  year  18 11,  when  it  was  found  by  Courtois  accidentally 
in  the  waste  liquors  produced  in  the  manufacture  of  soda  from  the 
ashes  of  sea- weed. 

Iodine  exists  in  the  ocean  in  quantities  still  smaller  than 
bromine.  It  is,  notwithstanding,  obtained  with  less  difficulty,  as 
it  is  extracted  from  sea  water,  and  stored  up  by  marine  plants,  such 
as  the  fuci,  algae,  and  sponges.  These,  when  burnt,  give  an  ash 
which  is  technically  known  as  kelp;  it  contains  iodine  in  the  form 
of  iodide  of  sodium.  In  the  mineral  kingdom,  iodine  has  been  found 
in  one  or  two  rare  ores,  thus  it  occurs  combined  with  silver  in 
Mexico,  and  with  zinc  in  Silesia. 

Preparation.  —  Iodine  is  at  present  largely  manufactured  at 
Glasgow,  from  kelp  made  on  the  coasts  of  Scotland  and  Ireland  : 
the  following  is  an  outline  of  the  process  adopted  in  procuring  it 
(Graham,  Elem.  Chem.  2nd  Ed.  p.  492)  :  The  sea-weed  having 
been  dried  in  the  sun,  is  burned  in  shallow  excavations,  at  a  low 
heat  j  owing  to  the  volatility  of  the  iodide  of  sodium  at  a  red  heat, 
the  loss  of  this  salt  would  be  considerable  if  the  temperature  were 
allowed  to  rise  too  high.  The  half  fused  ash  or  kelp  which  remains 
is  broken  into  fragments  and  treated  with  boiling  water,  which  dis- 
solves about  one-half  of  the  ash.  The  liquid  thus  obtained  is  then 
evaporated  in  open  pans,  and  all  that  can  be  separated  by  crystal- 
lization   is    removed  ;  sulphate   of   soda,  carbonate  of  soda^   and 
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chloride  of  potassium  are  thus  extracted.  The  iodine  remains  in 
the  mother-liquor,  which  still  retains  sulphide  of  sodium,  besides 
sulphite,  and  some  carbonate  of  soda.  This  liquor,  or  iodine  ley, 
is  now  mixed  with  one- eighth  of  its  bnlk  of  oil  of  vitriol,  and 
allowed  to  stand  for  twenty-four  hours ;  carbonic  acid,  sulphurous 
acid,  and  sulphuretted  hydrogen  gases  escape,  and  sulphate  of 
soda  again  crystallizes  out,  mixed  with  a  considerable  quantity 
of  deposited  sulphur.  The  supernatant  liquid  is  next  trans- 
ferred to  a  leaden 
Fig.  259.  retort  of  cylindri- 

cal form,  «,  fig. 
259,  supported  in 
a  sand  bath,  and 
gently  heated 
from  beneath  by 
a  small  fire ;  the 
head  of  the  retort, 
b  c,  is  luted  on 
with  clay,  and  the 
contents  of  the 
retorthavingbeen 
heated  to  about 
140°,  a  quantity 
of  powdered  bin- 
oxide  of  manga- 
nese is  introduced 
through  the  tubulure,  h.  The  temperature  may  be  gradually 
raised  to  212°,  but  not  higher;  iodine  distils  over  and  is  con- 
densed in  the  globular  receivers,  d.  It  is  purified  by  a  second 
sublimation.  The  object  of  the  second  tubulure,  shown  at  c, 
is  to  facilitate  the  clearing  of  the  neck  of  the  retort  in  case  it  should 
become  obstructed  by  the  formation  of  crystals.  If  the  tem- 
perature be  allowed  to  rise  above  212°,  chlorine  is  disengaged 
and  combines  with  part  of  the  iodine,  forming  chloride  of 
iodine. 

In  the  foregoing  process,  the  addition  of  the  sulphuric  acid 
occasions  the  decomposition  of  the  carbonate,  sulphite,  and  hypo- 
sulphite of  soda  which  still  remain  in  solution,  as  well  as  of 
any  sulphide  of  sodium  that  may  be  present,  forming  sulphate 
of  soda  which  is  removed  by  crystallization.  The  liquid  retains 
an  excess  of  sulphuric  acid,  and  all  the  iodide  of  sodium.  When 
this   mixture  is  heated  with  peroxide   of  manganese,  the  iodine 
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is  liberated,   whilst  sul2:>liate  of  soda  and  sulphate  of  manganese 
remain  in  the  retort.      The  process  resembles  that  for  bromine : — 

Iodide  of  Oxide  of  Sulphuric  Sulphate  of  Sulphate  of  indine 

sodium.         manganese.  acid.  soda.  manganese.  Aoame. 

Nal  +  M^2  +  2^3  =  N^^TsOs  +  MnO,  SOg  +  T 
Properties. — The  crystalline  form  of  iodine  is  an  octohedron 
with  a  rhombic  base ;  but  it  is  generally  obtained  in  bluish  black 
scales,  resembling  plumbago  in  lustre.  It  is  a  non-conductor  of 
electricity.  At  ordinary  temperatures,  and  especially  when  in  a 
moist  condition,  it  is  sensibly  volatile,  emitting  an  odour  like  that 
of  chlorine,  but  much  weaker.  In  the  solid  form  it  has  a  specific 
gravity  of  4*947 ;  when  heated  it  undergoes  fusion  at  225° ;  at 
about  347°  it  boils  and  is  converted  into  a  magnificent  purple 
vapour,  from  which  it  derives  its  name  (lu)^y}q,  Wiolet-coloured'). 
Iodine,  when  taken  internally,  acts  in  large  doses  as  an  irritant 
poison;  but  in  small  quantities  it  is  a  most  valuable  medicine, 
particularly  in  glandular  swellings,  and  in  certain  forms  of  goitre. 
It  stains  the  skin  and  most  organized  substances,  of  a  brown 
colour,  and  gradually  corrodes  them.  Water  forms  with  it  a  yellow 
solution,  but  dissolves  it  only  in  very  small  quantity.  Its  bleach- 
ing properties  are  very  feeble.  Alcohol,  ether,  and  solutions  of 
the  iodides  dissolve  it  freely.  LugoVs  Solution,  which  was  formerly 
much  used  in  medicine,  consists  of  20  grains  of  iodine  and  30  of 
iodide  of  potassium,  dissolved  in  an  ounce  of  water ;  it  is  of  a  deep 
brown  colour.  Iodine  attacks  the  metals  rapidly ;  iron  or  zinc  is 
readily  dissolved  by  it  if  placed  with  it  in  water,  an  iodide  of  the 
metal  being  formed.  All  the  compounds  of  iodine  with  the  metals 
and  with  hydrogen  are  decomposed  by  chlorine,  and  even  by  bro- 
mine, while  the  iodine  is  set  free.  Advantage  is  taken  of  this  fact  in 
ascertaining  the  presence  of  iodine.  The  most  delicate  test  for  it, 
when  uncombined,  is  the  intense  blue  colour  which  it  strikes  with 
starch ;  by  its  means,  with  due  precaution,  i  part  of  iodine,  when 
dissolved  in  one  million  parts  of  water,  may  be  discovered. 

There  are  various  modes  of  applying  this  test :  the  simplest 
consists  in  mixing  a  little  cold  starch  paste  with  the  liquid  which 
is  suspected  to  contain  iodine ;  if  it  be  present  in  an  uncombined 
form,  a  beautiful  blue  colour  shows  itself.  If  the  iodine  be  in 
combination,  this  colour  does  not  appear  until  a  drop  of  chlorine 
water  or  of  solution  of  bleaching  powder  be  added  to  set  the  iodine 
free.  An  excess  of  chlorine  must  be  avoided,  as  it  forms  chloride 
of  iodine,  and  prevents  the  action  of  the  test.  The  colour  also 
fades  away  if  the  solution  be  heated^  but  it  is  partially  restored  as 
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the  temperature  falls.  As  starch  paste  cannot  be  long  kept 
without  undergoing  decomposition,  it  is  often  convenient  to  sub- 
stitute for  the  freshly  made  paste,  paper  which  has  been  smeared 
with  the  starch,  and  allowed  to  become  dry.  If  kept  in  a  dry 
place  such  paper  may  be  preserved  for  an  indefinite  length  of  time, 
and  is  ready  for  use  at  any  moment. 

(332)  Hydriodic  AciD,(HI);  Equivalent,i2,S  ;  Specific  Gravity, 
4" 443  ;  Combining  Volume,  4. — By  heating  iodine  in  hydrogen,  the 
volume  of  the  gas  becomes  doubled,  and  a  colourless  acid  gas  is 
produced.  It  fumes  in  the  air,  is  very  soluble  in  water,  and  possesses 
a  pungent  irritating  odour ;  but  the  gas  is  never  prepared  for  use 
in  this  manner.  A  better  mode  is  the  following  :  place  in  a  small 
retort  10  parts  of  iodide  of  potassium  with  5  of  water,  add  30  of 
iodine ;  then  drop  in  cautiously  i  part  of  phosphorus  cut  into  small 
fragments,  and  apply  a  gentle  heat.  Hydriodic  acid  gas  will  be 
extricated  abundantly,  and  may  be  collected,  by  displacement,  in 
dry  bottles.  The  result  of  the  reaction  is  explained  by  the  following 
equation : — 

poSm.      ^o^iine.      ^^hos-^         Water.  Phosphate  potash. 


2KI  +  5I  +  P  +  8HO  yield  2  KO,  HO,  PO5  +  7  HI. 

Hydriodic  acid  gas  is  not  combustible,  nor  does  it  support 
combustion.  It  is  reduced  under  strong  pressure  to  a  yellowish 
liquid,  which  freezes  at  — 60°  F. 

A  solution  of  hydriodic  acid  may  be  easily  prepared  by  suspend- 
ing iodine  in  water,  and  transmitting  a  current  of  sulphuretted 
hydrogen  gas  through  the  mixture  until  the  brown  colour  of  the 
iodine  disappears.  Sulphur  is  deposited  in  abundance,  and  hydriodic 
acid  is  formed.  The  liquid  gradually  becomes  clear  if  left  at  rest ; 
it  may  then  be  decanted  from  the  precipitated  sulphur  :  the  decom- 
position consists  simply  in  the  displacement  of  the  sulphur  by  the 
iodine;  HS  +  I  =  HI  +  S.  This  liquid  may  be  concentrated  till  it 
consists  of  HI  +11  HO;  it  acquires  a  density  of  J 7.  It  then 
distils  unchanged  at  262°  F.  It  is  a  powerful  acid,  and  dissolves 
iodine  freely,  forming  a  brown  solution  :  by  exposure  to  the  air, 
especially  if  placed  in  a  strong  light,  it  absorbs  oxygen,  water  is 
formed,  and  the  liquid  becomes  brown  from  the  liberation  of  iodine. 
Chlorine  effects  its  instant  decomposition,  whether  it  be  in  the 
gaseous  form  or  in  solution.  Mercury  decomposes  it  gradually, 
and  combines  with  its  iodine. 

The  composition  of  hydriodic  acid  may  be  ascertained  by  heat- 
ing potassium  in  a  measured  volume  of  the  gas.     Iodide  of  potas- 
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slum  is  formed,  and  hydrogen  remains  equal  in  bulk  to  half  the 
acid  gas  employed. 

Iodides. — The  iodides  of  the  metals  are  all  solid  at  ordinary 
temperatures ;  they  are  less  fusible  and  volatile  than  the  correspond- 
ing chlorides  and  bromides.  The  iodides  of  gold,  silver,  platinum, 
and  palladium  are  decomposed  by  heat  alone,  and  most  of  the 
iodides  are  converted  into  oxides  when  heated  in  the  air, — the 
oxygen  displacing  the  iodine.  The  greater  number  of  the  metallic 
iodides  dissolve  freely  in  water,  though  some  are  insoluble,  and 
exhibit  colours  of  great  brilliancy.  The  soluble  iodides  of  the 
metals,  or  hydriodates  of  the  metallic  oxides,  as  they  were  for- 
merly termed,  may  be  obtained  by  the  direct  combination  of 
hydriodic  acid  with  the  metallic  oxide,  or  by  the  action  of  iodine 
and  water  upon  the  metal  itself.  These  iodides,  when  in  solution, 
are  characterized  by  the  reaction  with  starch  already  mentioned  : 
with  a  solution  of  corrosive  sublimate  (chloride  of  mercury)  (Hg  CI) 
they  give  a  beautiful  salmon-coloured  precipitate,  which  almost 
immediately  changes  to  a  brilliant  scarlet.  This  is  the  iodide  of 
mercury ;  it  is  soluble  in  excess  both  of  iodide  of  potassium,  and 
of  corrosive  sublimate.  Subnitrate  of  mercury  gives  a  green  pre- 
cipitate in  solutions  of  the  soluble  iodides.  With  nitrate  of  lead 
a  bright  yellow  precipitate  of  iodide  of  lead  is  formed ;  it  is  slightly 
soluble  in  boiling  water,  especially  if  the  lead  salt  be  present  in 
excess  ;  on  cooling,  the  iodide  of  lead  separates  in  very  beautiful 
silky  scales.  With  nitrate  of  silver,  a  buff-coloured  iodide  of  silver, 
nearly  insoluble  in  ammonia,  is  formed.  If  a  mixture  of  proto- 
sulphate  of  iron  and  sulphate  of  copper  be  added  to  a  solution  of 
any  iodide,  a  white  subiodide  of  copper  precipitates  :  with  chloride 
of  gold  the  iodides  give  a  lemon-yellow  precipitate,  and  with  salts 
of  palladium  a  brown  iodide  of  palladium  is  produced,  which  is 
sometimes  used  for  ascertaining  the  quantity  of  iodine  present  in 
a  solution  in  which  it  occurs  mixed  with  chlorine,  as  chloride  of 
palladium  is  freely  soluble  in  water. 

^?>^3)  Oxides  of  Iodine. — Iodine  has  a  more  powerful  affinity 
for  oxygen  than  either  chlorine  or  bromine,  and  forms  with  it  two 
well-defined  acids,  viz.,  the  iodic  acid  (IO5)  and  the  periodic  acid 
(IO7),  besides  some  other  oxides  but  imperfectly  known. 

Iodic  Acid,  (IO5) ;  Equivalent,  167. — This  acid  corresponds  in 
composition  to  chloric  and  bromic  acids.  It  may  be  prepared  in 
several  ways :  thus  it  may  be  procured  by  long  boiling  of  iodine 
in  concentrated  nitric  acid :  Millon^s  method  consists  in  mixing 
equal  parts  of  chlorate  of  potash  and  iodine  Avith  5  parts  of  water 
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and  a  little  nitric  acid.  Chlorine  is  evolved  in  abundance,  and 
iodate  of  potash  is  formed  which  dissolves  in  the  liquid :  chloric 
acid  is  set  free  by  the  nitric  acid,  and  imparts  its  oxygen  to  the 
iodine,  chlorine  gas  escaping,  while  the  iodic  acid  liberates  a  fresh 
portion  of  chloric  acid  from  the  chlorate,  and  this  undergoes  a 
similar  decomposition.  Liebig^s  plan  of  preparing  iodic  acid  con- 
sists in  suspending  iodine  in  water,  and  transmitting  through  it  a 
current  of  chlorine  gas  till  the  iodine  is  dissolved ;  the  liquid  is 
then  neutralized  by  carbonate  of  soda,  when  a  copious  precipitate  of 
iodine  is  formed,  which  may  be  again  similarly  treated  by  chlorine. 
In  this  case  the  chlorine  decomposes  water,  taking  the  hydrogen  to 
form  hydrochloric  acid,  while  the  oxygen  is  transferred  to  the  iodine. 

Chlorine.  Water.        Iodine.    ^^'^S^"'         S 

sci  +  im)  +  T=  5^1  +  1O5. 

The  neutralized  liquid  contains  iodate  of  soda  and  chloride  of 
sodium.  Chloride  of  barium  is  next  added  ;  an  abundant  precipitate 
of  iodate  of  baryta,  vrhich  is  but  sparingly  soluble,  is  formed  ;  this  is 
washed  from  adhering  salts,  and  is  decomposed  by  a  quantity  of 
sulphuric  acid  just  sufficient  to  combine  with  the  baryta.  Iodic 
acid  dissolves  in  the  water,  whilst  the  insoluble  sulphate  of  baryta 
separates.  The  iodic  acid,  by  evaporation,  may  be  obtained  in 
crystals  composed  of  HO,  IO5 :  by  a  heat  of  360°  F.  it  is  rendered 
anhydrous,  and  at  about  700°  F.  it  is  decomposed  into  iodine  and 
oxygen.  Its  solution  is  destitute  of  odour,  and  has  a  sour  astringent 
taste.  Organic  bodies  decompose  it,  and  owing  to  this  circumstance 
litmus  paper  is  first  reddened  and  afterwards  bleached  by  it. 

lodates. — Some  iodates  contain  i  equivalent,  some  2,  and  some 
3  equivalents  of  acid  to  i  equivalent  of  base  :  for  example,  the  three 
iodates  of  potash  may  be  represented  by  the  following  formulae : — 
the  neutral  iodate,  KO,  IO5 ;  the  biniodate,  KO,  2  IO5 ;  and  the 
teriodate,  KO,  3  lOg.  All  the  iodates  are  decomposed  by  heat,  and 
give  off  oxygen.  If  the  metal  have  a  stronger  affinity  for  iodine  than 
for  oxygen,  an  iodide  of  the  metal  is  formed ;  thus  (KO,  lOg),  iodate 
of  potash,  becomes  KI  +  60:  but  if  the  affinity  of  the  metal  be 
greater  for  oxygen  than  for  iodine,  the  oxide  is  left  behind  :  iodate 
of  baryta,  for  example,  is  converted  into  baryta,  oxygen  gas,  and  free 
iodine, — the  latter  escapes  in  purple  vapours ;  BaO,  IO5  =  BaO,  +  O5 
+  1.  The  aqueous  solutions  of  the  iodates  are  decomposed  by 
sulphurous  acid;  KO,  IO5  +  6  S02  =  KI  +  6  SO3;  an  iodide  of  the 
metal  is  formed,  and  then  the  iodine  may  be  discovered  by  the 
starch  test  in  the  usual  way.  Iodic  acid  forms  crystallizable  com- 
pounds with  the  sulphuric  and  many  other  acids. 
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(334)  Periodic  Acid,  IO7,  Eq.  183. — This  acid  corresponds  in 
composition  to  the  perchloric.  It  is  obtained  by  transmitting  a 
current  of  chlorine  gas  through  a  solution  of  iodate  of  soda  con- 
taining caustic  soda,  in  the  proportion  of  3  equivalents  of  free  alkali 
to  1  of  iodate  of  soda ;  a  sparingly  soluble  basic  periodate  of  soda 
is  formed.  The  reaction  which  occurs  consists  in  the  decomposition 
of  %  equivalents  of  soda  by  2  of  chlorine,  chloride  of  sodium  being 
formed,  whilst  the  2  equivalents  of  oxygen  combine  with  the  iodic 
acid  to  form  the  periodic  acid ;  the  latter  combines  with  a  second 
equivalent  of  soda,  and  forms  the  basic  periodate  of  soda,  as  explained 
by  the  following  symbols  : — 

Iodate  soda.  Soda.  Chlorine.        Subperiodate  soda.        Chloride  sodium. 

N^0^5  +  {^O  +  rSr  =  2  moTlOy  +  2l5aCl. 

The  basic  periodate  of  soda  is  dissolved  in  dilute  nitric  acid,  and 
precipitated  by  the  addition  of  nitrate  of  silver ;  the  periodate  of 
silver  is  then  dissolved  in  boiling  nitric  acid;  a  neutral  periodate 
of  silver  crystallizes  as  the  liquid  cools,  and  this  salt  when  treated 
with  water  is  decomposed  into  basic  periodate  of  silver,  which  is 
insoluble,  and  periodic  acid,  which  dissolves.  By  evaporation  of  the 
solution  the  periodic  acid  may  be  obtained  in  deliquescent  crystals, 
which  contain  5  equivalents  of  water,  and  are  somewhat  soluble  in 
alcohol  and  ether.  The  periodates  are  most  of  them  sparingly 
soluble  in  water,  but  dissolve  freely  in  dilute  nitric  acid.  Solution 
of  the  neutral  soda  salt  (NaO,  IO7)  causes  a  precipitate  of  basic 
periodate  with  solutions  of  neutral  salts  of  baryta,  of  lime,  of  lead, 
or  of  silver,  whilst  the  liquid  becomes  acid.  The  basic  silver  salt 
is  pale  yellow  if  precipitated  from  cold,  but  red  if  from  hot  solu- 
tions. 

i33S)  Chlorides  of  Iodine. — Two  compounds  of  iodine  with 
chlorine,  a  protochloride  and  a  terchloride,  may  be  obtained. 

The  protochloride  (ICl),  eq.  162*5,  is  a  very  irritating  vola- 
tile yellowish  brown  liquid,  which  is  obtained  by  distilling  i  part  of 
iodine  with  4  of  chlorate  of  potash ;  the  distilled  chloride  of  iodine 
dissolves,  apparently  without  change,  in  water,  in  alcohol,  and  in 
ether.  This  chloride  when  hot  dissolves  iodine  readily,  and  deposits 
it  in  beautiful  crystals. 

Terchloride  of  iodine  (ICI3),  eq.  233*5  ;  this  compound  is  formed 
by  acting  upon  iodine  with  excess  of  dry  chlorine  gas.  It  forms 
magnificent  ruby  red  crystals,  which  sublime  spontaneously  in 
closed  bottles;  the  vapour  is  extremely  irritating  to  the  eyes. 
If  exposed  to  the  air  it  attracts  moisture,  and  it  dissolves  in  water 
unchanged.     Alkaline  solutions  decompose  it,  and  iodine  is  preci- 
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pitated ;  if  heated  with  potash^  for  example^  chloride  of  potassium 
and  iodate  of  potash  are  produced  in  the  manner  explained  by  the 
following  equation  : — 

Potash.  r.nS^^hfZ  Iodate  potash.  Iodine. 


5  ICI3  +  18  KO  give  15  KCl  +  3  (KO,  IO5)  +  2  I. 

Iodine  also  combines  with  bromine,  and  forms  compounds  with 
it  which  are  possessed  of  properties  similar  to  those  of  the  chlorides 
of  iodine. 

{^^6)  Iodide  of  Nitrogen,  (NHIg).  This  substance  may  be 
obtained  as  a  black  powder  by  digesting  iodine  for  half  an  hour  in 
a  cold  solution  of  ammonia.  The  brown  supernatant  liquid,  which 
contains  excess  of  iodine  held  in  solution  by  hydriodate  of  am- 
monia, is  decanted,  and  the  insoluble  powder  is  placed  upon  filter- 
ing paper  in  quantities  of  a  grain  or  less,  and  allowed  to  dry 
spontaneously.  When  dry,  it  explodes  upon  the  slightest  touch, 
and  it  indeed  often  detonates  without  any  assignable  cause;  the 
explosion  is  remarkably  sharp  and  sudden,  fumes  of  iodine  are 
produced,  and  a  faint  light  is  emitted. 

The  experiments  of  Bineau,  the  results  of  which  have  been 
subsequently  confirmed  by  Gladstone,  have  shown  that  this  deto- 
nating compound  is  not  a  mere  iodide  of  nitrogen,  but  that  it 
contains  hydrogen  also,  having  the  formula  NHIg.  The  mode 
of  its  preparation  admits  of  easy  explanation  by  the  annexed 
formula :  4  1  +  3  H3N  =  2  (H^NI)  +  NHI2,  the  reaction  of  4 
equivalents  of  iodine  upon  3  of  ammonia  producing  2  equiva- 
lents of  hydriodate  of  ammonia,  and  i  of  the  detonating  substance. 
Bunsen  assigns  to  it  the  formula  (NH3,  NI3),  but  it  is  more  pro- 
bable that  the  composition  attributed  to  it  by  Bineau  (Ann.  de 
Ckhnie,  III.  xv.  71)  is  correct. 

Iodide  of  nitrogen  slowly  decomposes  in  water;  ammonia  retards, 
but  potash  and  the  acids  accelerate  the  decomposition;  chlorine, 
bromine,  and  strong  nitric  acid  destroy  it  rapidly;  sulphuretted 
hydrogen  also  quietly  but  completely  effects  its  decomposition. 
The  results  of  this  reaction  afford  a  means  of  ascertaining  the 
relative  quantities  of  nitrogen  and  iodine  contained  in  the  iodide : 
I  equivalent  of  the  black  powder,  when  treated  with  4  of  sul- 
phuretted hydrogen,  furnish  i  equivalent  of  iodide  of  ammonium, 
I  of  hydriodic  acid,  and  4  of  sulphur  : — 

Iodide  Sulphuretted        Iodide  Hydriodic     a„i,.},„- 

nitrogen.  hydrogen.       ammonium.  acid.  ^ 

NHI,  +  4^38  =  NhTi  +  hi  +  4^. 
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It  is  impossible  not  be  struck  with  the  close  analogy  presented 
by  the  three  elementary  bodies,  chlorine,  bromine,  and  iodine, 
both  in  their  uncombined  state  and  in  their  compounds :  they 
indeed  form  one  of  the  best  defined  natural  groups.  At  the  time 
when  iodine  was  discovered,  chlorine  was  by  most  chemists  regarded 
as  a  compound  of  muriatic  acid  and  oxygen,  and  was  consequently 
known  as  oxymuriatic  acid.  Indeed,  most  of  the  reactions  which  it 
presented  admitted  of  a  simple  explanation  on  this  hypothesis, 
and  this  circumstance  prevented  chemists  from  adopting  generally 
the  views  which  had  a  short  time  previously  been  put  forward  by 
Davy,  maintaining  the  elementary  nature  of  chlorine.  The  dis- 
covery of  iodine,  however,  decided  them,  and  assisted  mate- 
rially in  fixing  the  opinion  now  entertained  respecting  the  com- 
pounds of  fluorine,  the  fourth  member  of  the  group,  and  of  which 
our  knowledge  is  in  a  much  less  satisfactory  condition. 


§  IV.  Fluorine. 

Sytnbol,  ¥ ;  Equivalent,  1 9  ;  Theoretical  Density,  i  '3 1 ; 
Combining  Volume,  2. 

(337)  Many  unsuccessful  attempts  have  been  made  at  various 
times  to  insulate  this  body.  Its  affinities  appear  to  be  so  powerful, 
and  its  action  on  the  human  frame  is  so  irritating  and  deleterious, 
that  little  that  is  satisfactory  is  known  concerning  it  in  its  free 
state.  Vessels  of  fluorspar  are  the  only  ones  which  have  yet  been 
found  capable  of  withstanding  its  action.  No  doubt,  however,  is 
entertained  of  its  general  nature,  as  its  compounds  are  closely 
analogous  to  the  corresponding  ones  of  the  three  elements  which 
have  just  been  described. 

Fluorspar,  or  fluoride  of  calcium  (CaF),  is  the  only  compound 
of  fluorine  which  exists  native  in  abundance,  and  from  it  all  the 
preparations  of  fluorine  are  obtained.  A  variety  of  minerals  con- 
tain small  quantities  of  fluoride  of  calcium,  particularly  the  phos- 
phates of  lime  and  certain  kinds  of  mica.  It  exists  too  in  minute 
quantity  in  the  bones  of  animals,  and  especially  in  the  teeth. 

(338)  Hydrofluoric  Acid  :  Fluoric  Acid,  (HF);  Equiva- 
lent, 20. — Fluorine  is  not  known  to  form  any  oxide,  but  with 
hydrogen  it  forms  a  very  remarkable  acid.  Owdng  to  the  power- 
fully corrosive  action  which  this  compound  exerts  upon  glass, 
which  it  deprives  of  its  silicon,  it  is  necessary  always  to  prepare  it 
in  metallic  vessels.    In  the  construction  of  these  vessels  lead^  from 


554 


HYDROFLUORIC    ACID. 


its  cheapness^  is  preferred ;  but  when  the  acid  is  required  to  be  in  a 
state  of  perfect  purity  platinum  must  be  used,  the  cheaper  metals 
being  all  more  or  less  attacked  by  the  acid. 

In  order  to  procure  hydrofluoric  acid  in  solution  in  a  concen- 
trated form,  I  part  of  finely  powdered  fluorspar,  free  from  silica 
and  the  metallic  sulphides,  is  mixed  with  2  parts  of  oil  of  vitriol ; 
at  ordinary  temperatures  no  evolution  of  vapour  occurs  if  the 
y  fluorspar  be  pure,  but  a  transparent  gelatinous  mass  is  formed. 
On  the  application  of  a  gentle  heat  dense  acid  fumes  of  an  ex- 
tremely deleterious  nature  arise,  and  a  reaction  takes  place  similar 
to  that  which  occurs  in  the  preparation  of  hj^drochloric  acid :  thus. 


Fluoride 
Calcium. 


Sulphuric 
a«id. 


Sulphate 
lime. 


Hydrofluoric 
acid. 


CaF  +  HO,  SO3  =  CaO,  SO3  +  HF. 

For  ordinary  purposes  the  distillation  may  be  conducted  in  a 
leaden  retort.  For  the  convenience  of  removing  the  charge  after  the 
operation  is  over,  it  is  found  advantageous  to  make  the  retort  in  two 

pieces,    a  head  and  a 
Fig.  260.  body  ;  the  head,  c,  fig. 

260,  fits  accurately  by 
an  overlapping  grooved 
joint  into  the  body,  h. 
The  heat  may  be  con- 
veniently applied  in  an 
equable  manner  by 
placing  the  body  of  the 
retort  in  a  shallow  iron 
tray,  a,  filled  with 
sand  :  d  is  the  receiver 
for  the  acid ;  it  consists 
of  a  leaden  pipe  fitted 
by  grinding  to  the  neck  of  the  retort,  and  is  cooled  by  immersion 
in  a  mixture  of  ice  and  salt.  When  a  perfectly  pure  acid  is  required, 
the  still  must  consist  of  platinum.  Hydrofluoric  acid  is  a  densely 
fuming,  volatile,  colourless  liquid,  which  boils  at  about  60°,  and  re- 
mains unfrozen  at  — 4°  F.  The  preparation  of  the  acid  must  be  con- 
ducted with  the  greatest  care,  and  special  provision  mnst  be  made 
for  carrying  off  the  fumes  from  the  operator.  The  liquid  acid  is 
highly  dangerous  from  its  caustic  action  upon  the  skin;  the 
smallest  drop  occasioning  a  deep  and  painful  burn.  Indeed,  it 
ought  never  to  be  preserved  in  the  concentrated  form.  When 
poured  into  water  it  combines  with  it  with  great  avidity,  and  with 
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the  evolution  of  so  high  a  temperature  as  to  produce  a  hissing 
noise,  resembling  that  caused  by  quenching  a  red-hot  iron.  In 
its  concentrated  form  it  has  a  specific  gravity  of  1060,  but  by  the 
addition  of  water  the  density  may  be  increased  to  1150,  beyond 
which  point  further  dilution  is  attended  with  a  regular  decrease  in 
density.  The  acid  of  sp.  gr.  1150  is  a  quadrihydrate  (HF,  4  HO) 
it  boils  at  248°  F.,  and  distils  unchanged.  Diluted  hydrofluoric 
acid  gradually  dissolves  the  metals,  extricating  hydrogen.  Potas- 
sium if  thrown  into  the  strong  acid  decomposes  it  with  explosion. 

The  concentrated  acid  above  described  was  long  believed  to  be 
anhydrous;  but  the  researches  of  Louyet  (Comptes  Rendus,  xxiv., 
434)  have  proved  that  it  contains  water.  He  distilled  it  with 
excess  of  anhydrous  phosphoric  acid :  the  water  was  thereby  re- 
moved, and  a  colourless  gas  of  an  extremely  irritating  nature  was 
set  free ;  it  produced  dense  fumes  on  escaping  into  the  air,  had 
but  little  action  on  perfectly  dry  glass,  and  was  rapidly  condensed 
by  water.  Fremy  states  that,  by  means  of  a  freezing  mixture  of 
ice  and  salt,  he  obtained  the  anhydrous  acid  in  the  form  of  a 
colourless,  mobile,  very  volatile  liquid. 

Hydrofluoric  acid  is  easily  recognised  by  its  corrosive  action 
upon  glass.  In  order  to  detect  a  fluoride  in  a  compound  which  is 
suspected  to  contain  it,  the  material  is  reduced  to  a  fine  powder 
and  mixed  in  a  platinum  capsule  with  strong  sulphuric  acid ;  a  slip 
of  glass  is  warmed  and  rubbed  over  with  bees^  wax  so  as  to  coat  it 
uniformly ;  a  few  characters  are  then  traced  with  a  point  through 
the  wax,  so  as  to  expose  a  portion  of  the  glass;  this  etching  is 
then  inverted  over  the  platinum  capsule,  which  is  gently  warmed 
for  a  few  minutes,  and  the  glass  is  cooled,  if  necessary,  with  a  little 
moistened  filtering  paper,  in  order  to  prevent  the  wax  from  being 
melted.  If  fluorine  be  contained  in  the  mixture,  the  characters  will 
be  found  corroded  on  cleaning  ofl*  the  wax  with  a  little  oil  of 
turpentine :  if  the  traces  be  very  faint,  they  may  be  rendered 
visible  by  breathing  upon  the  surface  of  the  plate. 

A  weak  solution  of  the  acid  is  often  employed  for  etching  on 
glass  with  advantage  :  in  this  way,  for  instance,  the  graduations  on 
the  glass  stem  of  a  thermometer  may  be  made  with  great  pre- 
cision and  facility ;  the  glass  tube  is  first  coated  with  engravers' 
etching  varnish,  the  divisions  are  traced  through  the  varnish  with 
a  fine  point,  and  the  tube  is  plunged  into  a  long  leaden  tube  filled 
with  the  dilute  acid ;  in  the  course  of  a  few  minutes  the  scale  is 
permanently  engraved. 

Fluorides, — The   fluorides  of   the  metals  fuse   easily   on  the 
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application  of  heat.  A  large  number  of  them  are  insoluble^  or  only 
sparingly  soluble  in  water.  The  solutions  of  the  soluble  fluorides 
corrode  the  glass  vessels  in  which  they  are  contained :  they  give 
no  precipitate  with  nitrate  of  silver,  since  fluoride  of  silver  is  soluble  ; 
but  with  salts  of  lead,  barium,  magnesium,  and  calcium,  insoluble 
precipitates,  consisting  of  the  fluorides  of  these  metals,  are  produced. 
The  fluoride  of  calcium  is  so  transparent  as  to  be  perceived  with 
difficulty.  Many  metallic  fluorides  combine  with  an  additional 
equivalent  of  hydrofluoric  acid  and  form  compounds,  which  in  many 
cases  may  be  obtained  in  crystals  that  dissolve  in  water.  The 
fluoride  of  potassium  and  hydrofluoric  acid  (KF,  HF)  has  been 
used  by  Fremy  as  a  convenient  means  of  obtaining  anhydrous 
hydrofluoric  acid.  By  the  application  of  heat  this  salt  can  be 
obtained  free  from  water,  and  by  a  stronger  heat  it  gives  up  the 
equivalent  of  hydrofluoric  acid  which  it  contains,  leaving  the  fluoride 
of  potassium  behind.  Double  fluorides  of  the  alkaline  metals  with 
the  fluorides  of  the  electro-negative  metals  which  form  acids  with 
oxygen,  may  likewise  be  obtained  with  facility.  Many  insoluble 
metallic  acids,  such  as  the  columbic,  the  titanic,  molybdic,  and 
tungstic  acids  are  thus  dissolved  by  hydrofluoric  acid,  fluorides  of 
the  metals  being  formed,  whilst  the  oxygen  of  these  compoimds 
produces  water  with  the  hydrogen  of  the  hydrofluoric  acid  :  the 
metallic  fluorides  so  formed  dissolve  in  the  excess  of  hydrofluoric 
acid  and  give  rise  to  new  compound  acids.  Titanic  acid  for  instance 
thus  forms  fluotitanic  acid,  TiOg  +  3  HF  =  HF,  TiFg  +  2  HO. 

Hydrofluoric  acid,  when  mixed  with  nitric  acid,  readily  dissolves 
silicon  which  has  not  been  strongly  ignited ;  but  it  is  remarkable 
that  the  mixture  does  not  dissolve  gold  or  platinum. 

Many  other  compounds  of  fluorine  have  been  prepared,  but  they 
are  not  of  sufficient  practical  importance  to  require  notice  here : 
the  compounds  which  it  forms  with  silicon  and  boron  will  be 
described  hereafter  (389,  394). 

(339)  Determination  of  the  Equivalent  of  Fluorine. — Although 
the  chemist  may  be  said  to  be  entirely  unacquainted  with  the  pro- 
perties of  uncombined  fluorine,  yet  its  equivalent  number  has  been 
determined  with  precision;  and  the  mode  of  proceeding  off'ers 
an  instructive  illustration  of  the  resources  of  analysis  in  such  a 
case. 

The  method  of  operating  is  as  follows : — Pujje  fluorspar 
is  reduced  to  an  impalpable  powder  and  dried;  100  grains  are 
accurately  weighed  into  a  platinum  crucible,  the  weight  of  which 
has  been   carefully  determined,  and  sulphuric  acid,  also  perfectly 
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pure,  is  added  in  sufficient  quantity  to  reduce  the  whole  to  the  con- 
sistence of  cream  ;  after  standing  for  some  hours,  the  excess  of  acid 
is  expelled  by  the  heat  of  a  lamp ;  the  temperature  is  raised  very 
cautiously,  and  the  crucible  and  its  contents  are  finally  heated  to 
bright  redness.  In  this  operation  the  whole  of  the  fluorine  is 
expelled  in  the  form  of  hydrofluoric  acid,  the  calcium  combining 
with  the  oxygen  of  the  water  in  the  oil  of  vitriol,  whilst  the  fluorine 
unites  with  the  hydrogen;  the  lime  formed  unites  with  an  equiva- 
lent of  sulphuric  acid,  and  forms  sulphate  of  lime,  which  remains 
behind.  On  weighing  the  crucible  after  the  experiment  is  com- 
pleted, it  will  be  found  to  amount  to  174*36  grains. 

Now  it  is  known  that  68  grains  of  sulphate  of  lime  contain 
20  of  calcium,  40  of  sulphuric  acid,  and  8  of  oxygen ;  30  being 
the  equivalent  number  of  calcium  : 

but  68  :  20  : :  174*36  :  .2?(  =  51*35) ; 

174*36  grains  of  sulphate  of  lime  must  consequently  contain 
5 1 "25  of  calcium;  100  parts,  therefore,  of  fluorspar,  if  it  consist 
only  of  fluorine  and  calcium,  must  be  composed  of  51*25  calcium 
and  4875  of  fluorine.  The  equivalent  of  fluorine  is  then  found 
directly  by  the  following  calculation : — 

Qty.  of  Calcium       Eq.  of     Qty.  of  Fluorine       Eq.  of 
in  100  parts.       Calcium,      in  loo  parts.        Fluorine. 

51-25      :      20      :      48-75      :      19 
The  equivalent  number  of  fluorine  is  thus  ascertained  to  be  19. 


CHAPTER  VII. 

SULPHUR SELENIUM PHOSPHORUS. 

The  next  group  of  elements  comprises  three  substances,  sulphur, 
selenium,  and  phosphorus,  which  are  characterized  by  a  powerful 
attraction  for  oxygen.  Between  sulphur  and  selenium  a  marked 
analogy  in  chemical  characters  is  observable.  Another  body  of 
comparatively  rare  occurrence,  viz.,  tellurium,  properly  belongs  to 
this  group.  The  properties  of  selenium  are  intermediate  between 
those  of  sulphur  and  tellurium,  which  latter  presents  so  much  of 
the  external  characters  and  appearance  of  a  metal,  that  it  is  usually 
described  with  the  metals. 

o  o 
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§  I.  Sulphur. 

Symbol y  S;  Equivalent,  i6;  Combining  Volume,  J;  Specific 
Gravity  of  Vapour,  6-617. 

(340)  Most  of  the  sulphur  used  in  England  is  obtained  from 
Sicily,  where  it  occurs  in  the  native  or  uncombined  state  in  beds 
of  a  blue  clay  formation,  stretching  from  the  southern  coast  of 
the  island  towards  the  base  of  Mount  Etna.  It  is  found  abun- 
dantly also  in  volcanic  districts  generally,  and  particularly  in  those 
which  border  the  Mediterranean.  Many  of  the  compounds  of 
sulphur  with  the  metals  occur  as  natural  productions  in  great 
abundance, — especially  the  sulphides  of  iron,  copper,  lead,  and 
zinc.  Bisulphide  of  iron  (iron  pyrites)  furnishes  a  large  propor- 
tion of  the  sulphur  consumed  in  the  manufacture  of  oil  of  vitriol. 
In  the  oxidized  condition,  as  sulphuric  acid,  sulphur  is  still  more 
extensively  distributed  in  combination  with  various  earths ;  the 
sulphates  of  lime,  of  magnesia,  baryta,  and  strontia  being  abundant 
natural  productions.  Sulphur  is  also  an  essential  constituent  of 
many  bodies  of  organic  origin ;  it  is,  for  example,  always  contained 
in  the  albuminoid  or  protein  compounds. 

Properties. — Native  sulphur  is  found  either  in  amorphous 
masses,  or  in  transparent  yellow  octohedra  with  a  rhombic  base. 
The  sulphur  of  commerce  is  either  in  the  form  of  a  harsh,  yellow, 
gritty  powder,  known  as  flowers  of  sulphur,  or  in  round  sticks,  con- 
stituting roll  sulphur  or  common  brimstone.  In  the  latter  condi- 
tion it  is  a  solid,  nearly  opaque,  brittle  substance,  of  a  characteristic 
yellow  colour,  with  a  slight  peculiar  odour.  It  is  insoluble  in 
water,  and  is  consequently  tasteless  :  it  is  a  bad  conductor  of  heat, 
and  when  grasped  with  a  warm  hand  frequently  crackles  and  falls  to 
pieces  from  the  unequal  expansion ;  it  is  an  insulator  of  electricity, 
and  becomes  negatively  electric  by  friction. 

Sulphur  is  highly  inflammable,  and  when  heated  in  the  air  it 
takes  tire  between  450°  and  500°  F.,  burning  with  a  blue  flame,  and 
emitting  pungent  sufibcating  fumes  of  sulphurous  acid.  At  239°  F. 
it  melts,  forming  a  yellow  liquid  which  is  less  dense  than  the 
unmelted  sulphur.  In  close  vessels  it  may,  by  a  further  heat,  be 
distilled,  the  boiling  point  being  about  824°  F.,  according  to  the 
observation  of  Dumas;  at  this  temperature  sulphur  yields  a  deep 
yellow  vapour  of  sp.  gr.  6*617  •  ^  volume  of  this  vapour  contains 
3  equivalents  of  sulphur.  Professor  Graham  states,  on  the  authority 
of  M.  Bineau,  that  when  sulphur  is  heated  to  about  1800°  F.  the 
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vapour  becomes  dilated  to  three  times  the  bulk  that  should  be 
produced  by  mere  elevation  of  temperature,  and  that  at  this  high 
temperature  the  volume  occupied  by  an  equivalent  of  sulphur 
vapour  corresponds  with  that  of  an  equivalent  of  oxygen. 

Extraction. — Advantage  is  taken  of  the  volatility  of  sulphur 
to  purify  it  from  the  earthy  matters  which  accompany  it  in  its 
native  state.  A  rough  distillation  is  performed  upon  the  spot 
where  it  is  obtained.  For  this  purpose  a  long  brick  furnace  is 
constructed  so  as  to  contain  a  double  row  of  upright  earthenware 
retorts,  each  of  a  capacity  of  four  or  five  gallons ;  these  are  fur- 
nished with  a  large  aperture  at  the  top  for  charging  them  with  the 
sulphur,  and  with  a  short  wide  tube,  which  proceeds  from  the  side  at 
the  upper  part,  and  slopes  downwards  through  the  walls  of  the  fur 
nace  into  earthen  receivers  of  a  similar  form :  from  the  bottom  of 
these  receivers  a  short  pipe  carries  off  the  still  melted  sulphur  into 
vessels  containing  water.  It  is,  however,  still  very  impure,  and 
requires  a  second  more  careful  distillation  before  it  is  fit  for  many 
of  the  purposes  to  which  it  is  applied  in  the  arts.  This  second 
distillation  is  conducted  in  retorts,  generally  of  iron,  furnished 
with  a  short,  wide,  lateral  neck ;  the  fumes  are  received  in  large 
chambers  of  brick-work.  If  the  walls  of  these  chambers  be  kept 
cool,  and  the  process  be  conducted  slowly,  the  sulphur  condenses  in 
powder,  and  forms  '  flowers  of  sulphur  /  but  if  the  fire  be  m-ged, 
and  the  masonry  be  allowed  to  become  hot,  the  sulphur  melts,  runs 
down,  and  is  then  drawn  off  into  cylindrical  wooden  moulds,  which 
give  it  the  usual  form  of  roll  sulphur. 

When  sulphur  is  prepared  from  pyrites  (FeSg),  the  mineral  is 
sometimes  distilled  in  close  vessels,  and  by  this  means  about  one- 
third  of  the  sulphur  which  it  contains  is  volatilized  and  condensed, 
magnetic  pyrites,  Fe3S4,  remaining ;  but  it  is  more  usual  to  conduct 
the  operation  in  the  open  air,  as  a  preliminary  step  in  the  roasting 
of  copper  pyrites  to  prepare  it  for  smelting.  Huge  heaps  of  the  ore 
are  arranged  in  the  form  of  a  truncated  square  pyramid,  the  base  of 
which  is  about  thirty  feet  in  the  side.  A  layer  of  powdered  ore  is 
placed  at  the  bottom,  and  over  this  one  of  brushwood ;  in  the  centre 
is  placed  a  wooden  chimney,  which  communicates  with  air-ways  left 
between  the  fagots;  fragments  of  ore  are  now  piled  up  until  the  heap 
is  about  eight  feet  high,  and  the  whole  is  lastly  covered,  for  a  depth 
of  twelve  inches,  with  a  layer  of  powdered  ore.  Such  a  heap  con- 
tains upwards  of  2000  tons  of  pyrites,  and  will  furnish  about 
twenty  tons  of  sulphur.  When  the  construction  of  the  heap  is 
complete,  the  fire  is  kindled   in   the  centre   by  dropping   lighted 
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fagots  down  the  chimney ;  in  the  course  of  a  few  days  the  heat 
becomes  diffused  throughout  the  mass,  and  sulphur  begins  to 
ooze  from  the  surface.  When  this  is  observed,  numerous  hemi- 
spherical wells  or  excavations,  fitted  with  covers,  are  made  in  the 
superficial  layer  of  ore  for  the  reception  of  the  sulphur ;  into  these 
cavities  it  drains,  and  is  daily  ladled  out  and  cast  into  moulds. 
The  process  of  roasting  such  a  heap  occupies  five  or  six  months. 

(341)  Various  forms  of  Sulphur. —  Sulphur  has  been  already 
pointed  out  (84)  as  affording  a  striking  illustration  of  the  occur- 
rence of  allotropy :  it  may  be  obtained  in  several  distinct  modifi- 
cations of  form,  or  in  different  allotropic  states. 

The  first  form,  which  has  been  distinguished  by  the  symbol 
Set,  is  the  native  crystal  of  sulphur,  the  oblique  rhombic  octo- 
hedron.  It  may  be  obtained  artificially  by  allowing  the  solution  of 
sulphur,  in  chloride  of  sulphur,  or  in  bisulphide  of  carbon,  to 
evaporate  spontaneously.  It  is  semitransparent,  of  an  amber 
yellow  colour,  and  has  a  density  of  2*05.  Its  crystals  undergo  no 
change  in  the  air.      They  fuse  at  239°  F. 

The  second  variety,  S/3,  is  obtained  by  melting  a  few  pounds 
of  sulphur,  and  allowing  it  to  solidify  on  the  surface  ;  if  the  crust 
be  pierced  with  a  hot  wire,  the  still  fluid  portion  may  be  poured 
off;  and  the  solid  mass  beneath  will  be  found  to  be  lined  with 
transparent  brownish-yellow  needles,  belonging  to  the  oblique 
prismatic  form ;  these  have  a  specific  gravity  considerably  less  than 
Sa,  viz.,  1-98,  the  density  of  ordinary  roll  sulphur.  According  to 
Mr.  Brodie,  it  melts  at  248°  F.  This  form  is  not  permanent  in 
the  air.  In  a  few  days,  or  (if  the  surface  of  the  crystals  be 
scratched)  in  a  few  hours,  the  transparency  disappears,  and 
although  to  the  eye  the  crystals  retain  their  prismatic  outline,  they 
lose  their  coherence,  and  an  opaque  crumbling  mass  is  produced, 
consisting  of  minute  rhombic  octohedra.  On  the  other  hand,  if  an 
octohedron  of  Sa  be  placed  in  a  liquid,  the  temperature  of  which 
is  slowly  raised  to  a  point  between  220°  and  230°,  it  loses  its 
transparency,  owing  to  the  formation  of  prismatic  crystals. 

The  third  variety,  S^,  is  even  more  remarkable  than  the  pre- 
ceding :  it  is  produced  by  the  action  of  a  still  higher  temperature.  ^^ 
The  influence  of  heat  upon  sulphur  is  indeed  very  peculiar.  It 
begins  to  melt  at  about  23  9^  and  between  250°  and  280°  it  forms  a 
yellow,  transparent,  and  tolerably  limpid  liquid  :  as  the  temperature 
rises  the  colour  deepens,  it  becomes  brown,  and  at  last  nearly  black 
and  opaque.  At  350°  these  changes  are  very  decided ;  it  gradually 
becomes  more  and  more  viscid;  the  temperature  at  this  point  for 
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awhile  becomes  stationary,  notwithstanding  continued  accessions  of 
heat  from  without,  so  that  heat  is  becoming  latent  as  in  the 
analogous  case  of  the  melting  of  ice.  After  aw^hile,  if  the  appli- 
cation of  heat  be  steadily  continued,  the  temperature  again  rises, 
and  when  it  has  attained  to  nearly  500°  F.,  the  sulphur  once  more 
liquefies,  though  it  never  becomes  as  fluid  as  at  the  temperature 
of  240°  F.  when  first  melted.  If  now  suddenly  cooled  by  pouring 
it  in  a  slender  stream  into  cold  water,  a  soft  tenacious  mass  is 
produced,  which  may  be  drawn  out  into  elastic  threads.  The  colour 
of  the  cooled  threads  varies  from  pale  amber  to  a  deep  brown, 
becoming  darker  in  proportion  to  the  elevation  of  temperature  it 
has  experienced.  Magnus  has  shown  (Poggendorff's  Annal.,  xcii., 
308)  that  this  deepening  in  colour  of  the  melted  sulphur  is  due  to 
the  formation  of  another  modification  of  sulphur,  which  is  black ; 
the  more  frequently  the  sulphur  is  heated  up  to  about  600°,  and 
then  suddenly  cooled,  the  larger  is  the  quantity  of  this  black  sul- 
phur which  is  formed.  A  red  variety  of  sulphur  was  also  obtained 
by  Magnus  :  the  details  of  the  process  required  for  insulating  it 
in  a  state  of  purity  are  given  at  length  in  the  memoir  above 
referred  to.  Ductile  sulphur  has  a  sp.  gr.  of  only  i'957.  In  a 
few  hours  it  becomes  yellow,  and  returns  to  the  brittle  form, 
giving  out  again  the  heat  which  it  had  absorbed ;  it  also  increases 
in  density,  the  greater  part  of  it  assuming  the  form  of  Sa- 
If  this  ductile  sulphur  be  heated  to  112°,  it  suddenly  returns  to 
the  brittle  condition,  the  temperature  rising  during  the  change 
to  230°. 

Crystalline  sulphur,  either  So.  or  S^,  dissolves  freely  in  bisul- 
phide of  carbon,  and  in  dichloride  of  sulphur :  by  spontaneous 
evaporation  of  the  liquid,  the  sulphur  is  left  in  octohedra.  Boiling 
oil  of  turpentine  dissolves  sulphur  freely,  and  retains  one  and  a  half 
per  cent,  on  cooling.  As  the  liquid  cools,  the  sulphur  crystallizes, 
first  in  the  prismatic  form,  S^,  afterwards  as  the  temperature  con- 
tinues to  fall,  octohedra,  S^,  are  produced.  Vitreous  sulphur,  S-y,  is 
not  soluble  in  bisulphide  of  carbon ;  after  it  has  lost  its  vitreous 
and  tenacious  character  it  is  not  wholly  changed  into  the  ordinary 
form  of  sulphur,  for  it  has  become  only  partially  soluble  in  bisul- 
phide of  carbon ;  a  pale  buff-coloured  powder  is  left,  soluble  in 
anhydrous  alcohol;  it  is  of  sp.  gr.  1*955,  ^^^  ^*  ^^^Jt  by  fusion, 
be  reconverted  into  ordinary  sulphur,  which  is  soluble  in  bisul- 
phide of  carbon.  The  black  sulphur  of  Magnus  is  also  insoluble 
in  bisulphide  of  carbon. 

When  distilled  in  small  quantities,  in   vessels  in   which  the 


562         COMPOUNDS  OF  SULPHUR  WITH  OXYGEN. 

temperature  is  not  considerably  reduced  in  the  receiver,  the  sul- 
phur condenses  in  red  drops,  which  remain  liquid  for  many  hours. 
Sulphur  is  also  frequently  liberated  in  the  ductile  form  from  the 
native  sulphides  of  the  metals  during  their  solution  in  aqua  regia. 

(342)  Compounds  of  Sulphur  with  Oxygen.  —  Sulphur 
forms  numerous  compounds  with  oxygen  :  two  of  them  (sulphurous 
acid  and  sulphuric  acid)  have  been  long  known  and  employed 
on  a  large  scale  in  the  arts ;  the  others  are  less  important,  and 
of  comparatively  recent  discovery.  These  acids  of  sulphur  are 
interesting,  as  they  exhibit  a  combining  ratio  different  from  any 
that  has  as  yet  been  considered,  and  they  show  the  application 
of  the  law  of  multiple  proportions  to  the  case  of  the  sulphur,  as 
well  as  to  that  of  the  oxygen  which  they  contain. 

The  following  table  exhibits  the  composition  of  the  various 
combinations  of  sulphur  with  oxygen,  the  existence  of  which  is  at 
present  known : — 

502  Sulphurous  acid 

503  Sulphuric  acid 

S2O2  Dithionous  or  hyposulphurous  acid 
S20g  Dithionic  or  hyposulphuric  acid 
S3O5  Trithionic  acid 
S4O5  Tetrathionic  acid 
S5O5  Pentathionic  acid. 

We  will  examine  first  the  sulphurous  acid,  then  the  sulphuric 
acid,  and  will  pass  slightly  over  the  other  acids,  the  compounds 
of  which,  with  the  exception  of  some  of  the  salts  of  hyposul- 
phurous acid,  have  as  yet  received  no  practical  applications. 

(343)  Sulphurous  Acid,  (SOg) ;  Equivalent,  32 ;  Combinhig 
Volume,  2  ;  Specific  Gravity,  2  "247. — Sulphur  burns  in  oxj^gen 
with  a  rose-coloured  flame,  and  produces  a  permanent  gas ;  after 
the  combustion  has  terminated,  and  the  gas  has  been  allowed  to 
regain  its  original  temperature,  the  bulk  of  the  gaseous  products  is 
f  jund  to  be  the  same  as  before  the  experiment.  Sulphurous  acid  is 
the  sole  product  of  the  combination  if  the  oxygen  be  dry.  This  gas 
is  endowed  with  the  properties  of  a  weak  acid  ;  it  has  a  pungent, 
suffocating  odour,  like  that  of  burning  sulphur,  and  in  a  concentrated 
form  it  is  quite  irrespirable.  It  is  not  inflammable,  but  quickly  extin- 
guishes the  flame  of  burning  bodies.  Sulphurous  acid  dissolves  freely 
in  water,  which  takes  up  between  forty  and  fifty  times  its  bulk  of  the 
gas  ;  the  liquid  has  a  taste  and  smell  similar  to  that  of  the  gas ;  the 
solution  gradually  absorbs  oxygen  from  the  air,  and  becomes  con- 
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verted  into  sulphuric  acid  (SO3).  A  crystalline  hydrate  of  sul- 
phurous acid  (SO2  9  HO)  may  also  be  obtained  at  a  low  tempera- 
ture ;  at  40°  F.  this  hydrate  melts  and  is  decomposed.  Owing  to 
the  solubility  of  sulphurous  acid  in  water,  the  gas  must  always  be 
collected  either  over  mercury,  or  in  dry  bottles  by  displacement : 
from  the  high  density  of  the  gas  (double  that  of  oxygen),  the  latter 
method  is  easily  applied. 

Preparation. — When  required  in  a  pure  state,  sulphurous  acid 
is  always  prepared  by  depriving  oil  of  vitriol  of  part  of  its  oxygen. 
In  order  to  effect  this,  two  or  three  ounces  of  sulphuric  acid  in  a 
concentrated  form  may  be  boiled  in  a  glass  retort  upon  half  an 
ounce  of  copper  or  of  mercury.  Part  of  the  acid  gives  up  i  equiva- 
lent of  its  oxygen  to  the  metal ;  the  oxide  thus  produced  combines 
with  an  equivalent  of  the  undecomposed  acid,  whilst  an  equivalent 
of  sulphurous  acid  is  set  free  for  each  equivalent  of  the  sulphate 
formed.  The  reaction  in  the  case  of  copper  may  be  seen  in  the 
following  equation ;  Cu  +  2  SO3  =  CuO,  SO3  +  SOg.  The  gas  must  be 
washed  by  allowing  it  to  bubble  up  through  a  bottle  containing  a 
small  quantity  of  water,  which  retains  sulphuric  acid  and  any  im- 
pui'ities  which  might  be  mechanically  suspended  in  the  gas.  Accord- 
ing to  Maumene,  a  certain  quantity  of  the  disulphide  of  copper,  CugS, 
is  also  produced  during  this  operation,  after  which  a  mixture  of  sul- 
phide and  oxysulphide  of  copper  is  also  formed.  Sulphuric  acid 
may  be  more  economically  deoxidized  by  means  of  charcoal  or  dry 
saw-dust,  but  the  gas  in  this  case  is  accompanied  by  one  half  its 
volume  of  carbonic  acid;  0  +  2  SO3  gives  CO2  +  2  SOg.  For  most 
purposes,  however,  such  as  the  preparation  of  the  alkaline  sulphites, 
the  presence  of  carbonic  acid  is  unimportant.  Sulphurous  acid  may 
also  be  readily  procured  by  heating  in  a  flask  an  intimate  mixture 
of  4  parts  of  flowers  of  sulphur  and  5  of  finely  powdered  peroxide 
of  manganese;  S2  +  MnOa  =  SO2  +  MnS. 

By  transmitting  sulphurous  acid  gas  through  a  tube  surrounded 
by  a  mixture  of  ice  and  salt,  sulphurous  acid  may  be  condensed  to  a 
colourless,  transparent,  limpid  liquid,  of  specific  gravity  1*42,  which 
dissolves  bitumen ;  this  liquid  boils  at  i7°*6,  and  freezes  at  — 105° 
F.,  forming  a  transparent,  colourless,  crystalline  solid,  heavier  than 
the  liquid ;  in  closed  tubes,  at  60°  it  exerts  a  pressure  of  about 
two  atmospheres  and  a  half  (Faraday). 

Fig.  261  shows  a  method  of  liquefying  sulphurous  acid.  The 
gas  is  generated  in  the  flask,  a,  w^ashed  and  dried  by  means  of  con- 
centrated sulphuric  acid  placed  in  the  bottle,  b,  transmitted  through 
the  pewter  worm,  c,  surrounded  by  a  freezing  mixture  of  ice  and 
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salt,   and   collected  in  the  receiver,  d,  which  is  also  cooled  by  a 
freezing  mixture ;  the  liquefied  acid  is  stored  up  for  use  in  small 


Fig.  261. 


Fig.  262. 


tubes,  one  of  which  is  shown  at  e,  fig.  262 ;  the  tube  having  been 
previously  cooled  by  immersion  in  the  freezing  mixture,  the  acid  is 
poured  into  it  through  a  small  tube  funnel,  and  the  liquid  is  pre- 
served by  drawing  off  and  sealing  the  tube  at  the  narrow  portion 
in  the  flame  of  the  blowpipe,  whilst  the  receiver  still  remains  in 
the  freezing  mixture. 

Sulphurous  acid  possesses  considerable  bleaching  powers,  and 
is  extensively  employed  in  bleaching  straw  and  wool.  The  articles 
to  be  bleached  are  moistened  and  suspended  in  closed  chambers  in 
which  sulphur  is  burned  in  an  open  dish ;  the  sulphurous  acid  is 
absorbed  by  the  damp  goods,  and  the  colour  is  discharged.  The 
gas  appears  to  act  by  forming  colourless  compounds  with  certain 
colouring  matters.  It  does  not,  like  chlorine,  decompose  the  colour- 
ing matter ;  for  the  sulphurous  acid  may  either  be  expelled  by  a 
stronger  acid,  or  it  may  be  neutralized  by  an  alkali,  and  the  colour 
will  be  restored :  the  reproduction  of  the  yellow  colour  in  new 
flannel,  when  it  is  washed  with  an  alkaline  soap  for  the  first  time, 
is  a  practical  illustration  of  the  eff*ect  of  an  alkali  upon  goods 
which  have  been  bleached  by  sulphurous  acid.  Sulphurous  acid  is 
also  highly  valuable  as  a  disinfecting  agent. 
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It  is,  however,  principally  as  a  preliminary  step  in  the  manu- 
facture of  oil  of  vitriol  that  sulphurous  acid  is  made  upon  the  large 
scale,  and  in  this  case  it  is  always  obtained  by  burning  sulphur,  or 
a  metallic  sulphide,  in  air. 

The  composition  of  sulphurous  acid  is  easily  determined  syn- 
thetically, by  simply  burning  sulphur  in  oxygen ;  the  bulk  of  the 
gas  is  not  increased,  but  the  density  of  the  sulphurous  acid  is 
double  that  of  oxygen.  Equal  weights  of  sulphur  and  oxygen,  it 
is  therefore  clear,  must  have  united  to  produce  the  result. 

Sulphites. — Sulphurous  acid  is  a  weak  acid,  and  presents  con- 
siderable analogy  to  carbonic  acid  in  its  mode  of  combining  with 
bases;  and  according  to  Dr.  Muspratt^s  observation,  the  sulphites 
and  the  carbonates  are  in  many  cases  isomorphous.  With  the 
alkalies  it  forms  two  kinds  of  salts,  one  of  which,  like  the  ordinary 
sulphite  of  soda  (NaO,S02,  lo  aq),  contains  i  equivalent  of  the 
acid  to  I  of  alkali,  while  the  other  class,  represented  by  the  bisul- 
phite of  potash  (KO,  HO,  :2  SO2),  contains  2  equivalents  of  acid  to 
I  of  base.  The  sulphites  of  the  alkalies  are  the  only  ones  which 
dissolve  freely  in  water ;  but  those  of  baryta,  strontia,  and  lime, 
dissolve  to  some  extent  in  an  aqueous  solution  of  sulphurous  acid. 
By  a  strong  heat  many  of  the  sulphites  are  decomposed,  the  acid 
being  gradually  expelled.  They  are  also  decomposed  by  sulphuric 
or  hydrochloric  acid,  with  extrication  of  sulphurous  acid,  which  is 
known  by  its  peculiar  and  pungent  odour.  The  best  test  for  detect- 
ing small  traces  of  sulphites  consists  in  the  addition  of  a  fragment 
of  zinc  and  a  drop  or  two  of  hydrochloric  acid  to  the  solution;  the 
sulphurous  acid  is  deoxidized,  the  sulphur  combines  with  hydrogen, 
and  sulphuretted  hydrogen  is  given  off;  the  gas  last  named  may 
be  detected  by  suspending  a  piece  of  paper  moistened  with  solu- 
tion of  acetate  of  lead  in  the  upper  part  of  the  vessel,  which 
should  be  closed  by  a  glass  plate.  The  sulphites,  when  moist, 
absorb  oxygen  from  the  air ;  and  solutions  of  the  salts  are  often 
used  as  deoxidizing  agents :  for  example,  the  salts  of  sesquioxide 
of  iron  are  reduced  to  salts  of  the  protoxide.  Gold,  selenium,  and 
tellurium,  are  precipitated  by  them  from  their  solutions  in  hydro- 
chloric acid  in  the  reduced  or  metallic  form,  and  arsenic  acid  is 
reduced  to  arsenious  acid. 

The  sulphites  are  readily  formed  by  transmitting  a  stream  of 
sulphurous  acid  through  water  in  which  the  oxide  or  the  carbonate 
of  the  metal  is  dissolved  or  suspended,  the  carbonates  being  decom- 
posed with  effervescence. 

Sulphurous  acid  is  by  some  chemists  regarded  as  the  starting 
point  of  several   combinations   belonging  to  the   sulphur   series. 
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Without  attaching  much  importance  to  the  probability  of  this  view, 
we  subjoin  the  following  table^  which  exhibits  the  supposed  relation 
of  some  of  the  more  important  of  these  compounds  to  sulphurous 
acid  ; — 

Sulphurous  acid,  SO2 

Sulphuric  acid,  SOg  O,    oxide  of  sulphurous  acid. 

Chlorosulphuric  acid,   SOg  CI,   chloride  of  ditto. 

lodosulphuric  acid,       SOg  I,      iodide  of  ditto. 

Nitrosulphuric  acid,      SOgNOg 

Hyposulphurous  acid,  SOg,  S,    sulphide  of  ditto. 

(344)  Sulphuric  Acid,  (SO3) ;  Equivalent,  40 ;  Combining 
Volume  of  Vapour,  2, ;  Specific  Gravity  of  Vapour,  2"j6^. — This 
substance,  which  for  commercial  purposes  is  one  of  the  most 
important  products  of  chemical  manufacture,  is  made  in  enormous 
quantities.  In  Great  Britain  alone  upwards  of  100,000  tons  are 
annually  consumed. 

Preparation. — When  sulphur  is  boiled  in  aqua  regia,  or  in 
concentrated  nitric  acid,  it  is  gradually  oxidized  and  converted 
into  sulphuric  acid ;  but  this  method  is  never  employed  excepting 
for  experimental  purposes  in  the  laboratory.  On  the  large  scale 
it  is  made  by  a  process  first  employed  in  England  by  Dr.  Roebuck, 
and  introduced  about  the  year  1720,  since  which  period  the  mode 
of  conducting  it  has  undergone  several  modifications  and  improve- 
ments, though  in  principle  it  continues  to  be  the  same. 

The  changes  which  occur  in  the  process  are  remarkable  and  in- 
structive. It  has  been  already  mentioned,  that  when  sulphur  is 
burned  in  air  or  oxygen,  the  product  is  sulphurous  acid  ;  this  gas,  if 
made  to  combine  with  half  as  much  oxygen  again  as  it  already  con- 
tains, is  converted  into  sulphuric  acid.  Direct  combination,  how- 
ever, cannot  be  produced  between  the  two  gases ;  the  intervention  of 
some  third  substance  becomes  necessary ;  and  if  water  be  presented 
to  them,  a  very  gradual  process  of  oxidation  occurs.  If  pure  and 
dry  oxygen,  mixed  with  twice  its  bulk  of  sulphurous  acid,  be  trans- 
mitted over  spongy  platinum  (62)  heated  in  a  tube,  the  two  gases 
combine,  and  anhydrous  sulphuric  acid  (SO3)  is  produced. 

If  sulphurous  acid  mixed  with  oxygen  be  presented  to  deutoxide 
of  nitrogen,  or  to  any  other  of  the  higher  oxides  of  nitrogen,  this 
combination  may  however  be  effected  with  great  rapidity;  and 
further,  a  very  small  proportion  of  the  deutoxide  of  nitrogen  will 
suffice  to  efiect  the  combination  of  an  almost  indefinite  amount  of 
sulphurous  acid  and  oxygen,  if  water  be  also  present.    Upon  these 
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facts  tlie  process  employed  in  the  manufacture  of  sulphuric  acid 
is  founded.  The  reaction  is  easily  watched  upon  the  small  scale 
by  the  following  means : — Into  a  large  three-necked  receiver,  a, 
iig.  263,  filled  with  atmospheric  air,  and  slightly  moistened  in  the 

Fig.  263. 


interior,  sulphurous  acid  from  the  retort,  b,  and  deutoxide  of 
nitrogen  from  the  bottle,  c,  are  made  to  pass;  ruddy  fumes  of 
peroxide  of  nitrogen  are  immediately  formed  by  the  combination  of 
the  deutoxide  with  atmospheric  oxygen,  and  in  a  few  minutes 
the  inner  surface  of  the  receiver  becomes  coated  with  a  white  crys- 
talline deposit,  into  the  composition  of  which  sulphurous  acid, 
peroxide  of  nitrogen,  and  water  enter.  As  soon  as  this  crystalline 
mass  is  treated  with  water,  it  is  decomposed  with  brisk  effer- 
vescence ;  I  equivalent  of  deutoxide  of  nitrogen  escapes,  and  2  equi- 
valents of  sulphuric  acid  remain  in  solution  :  the  deutoxide  of 
nitrogen,  by  again  absorbing  2  equivalents  of  oxygen  from  the  air, 
is  reconverted  into  peroxide  of  nitrogen ;  this  combines  again  with 
two  fresh  equivalents  of  sulphurous  acid  in  the  presence  of  a  small 
quantity  of  water ;  fresh  crystals  are  formed,  and  these  in  their 
turn  are  decomposed  by  solution,  as  before.  The  deutoxide  of 
nitrogen  is  thus  again  liberated,  and  may  go  through  the  same 
round  of  compositions  and  decompositions,  till  the  whole  of  the 
oxygen  in  the  air  has  been  consumed :  the  oxide  of  nitrogen  thus 
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acts  the  part  of  a  carrier  of  oxygen  to  the  sulphuric  acid.  In  the 
manufacture  of  sulphuric  acid  on  the  large  scale^  the  formation  of 
the  crystalline  body  and  its  destruction  are  simultaneous^  if  the 
operation  be  properly  conducted.* 

(345)  In  the  manufacture  of  sulphuric  acid^  sulphurous  acid  is 
procured  by  burning  either  sulphur  or  iron  pyrites  (FeS2) ; 
provision  being  made  for  an  abundant  supply  of  atmospheric  air 
to  the  burning  material.  The  general  arrangements  adopted  in 
the    manufacture^   are  shown  in  fig.  264.      a  a,   represent  fur- 

FiG.  264. 


naces  in  which  the  sulphur  is  burned ;  in  the  current  of  heated 
gas  an  iron  pot,  b,  is  suspended,  which  has  been  previously 
charged   with   a  mixture   of   nitrate   of   soda  and  oil  of   vitriol. 


*  The  true  composition  of  this  crystalline  body  has  been  the  object  of 
much  discussion  and  numerous  experimental  inquiries,  H.  Hose  has  shown 
that  by  passing  pure  dry  binoxide  of  nitrogen  into  a  glass  vessel,  the  interior 
of  which  is  moistened  with  anhydrous  sulphuric  acid(S03),  a  white,  hard,  amor- 
phous substance  is  formed,  composed  of  (NOg  2  SO3),  and  this  compound  he 
considers  to  be  the  essential  constituent  in  the  crystals  above  described.  It 
fuses  at  a  high  temperature,  and  sublimes  unchanged.  Water  immediately 
decomposes  it,  liberating  deutoxide  of  nitrogen  whilst  the  sulphuric  acid  is  dis- 
solved. If  the  anhydrous  crystals  be  exposed  to  the  air,  they  absorb  moisture 
and  emit  nitrous  fumes.  Concentrated  oil  of  vitriol,  by  the  aid  of  heat,  dis- 
solves them  in  all  proportions  without  change.  The  solution  crystallizes,  on 
cooling,  in  rectangular  prisms,  which  appear  to  contain  water  of  crystallization. 

Oil  of  vitriol  rapidly  absorbs  the  deutoxide  of  nitrogen,  and  forms  a  similar 
crystalline  compound;  the  addition  of  water  immediately  hberates  the  deutoxide 
of  nitrogen  from  it. 

There  are  many  other  methods  by  which  this  curious  substance  may  be 
obtained,  but  they  often  involve  very  complicated  considerations.  De  la 
Provostaye  forms  it  by  the  action  of  liquid  sulphurous  acid  on  liquid  per- 
oxide of  nitrogen ;  he  considers  it  when  anhydrous  to  consist  of  SO3  +  SOg  + 
NO4.     Eose's  view  however  is  more  probably  correct. 
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Vapours  of  nitric  acid  are  thus  liberated ;  they  pass  on  with  the 
sulphurous  acid,  by  suitable  flues,  into  immense  chambers,  f,  f,  con- 
structed of  sheet  lead,  and  supported  by  a  strong  timber  framework. 
These  chambers  are  often  twelve  or  fifteen  feet  high,  fifteen  or  twenty 
wide,  and  from  150  to  300  feet  in  length;  they  are  sometimes  par- 
tially intersected  by  incomplete  transverse  leaden  partitions,  inter- 
posed in  the  current  of  the  mixed  gases,  to  favour  their  more  intimate 
admixture.  Water  to  the  depth  of  two  or  three  inches  is  placed 
upon  the  floor  of  the  chamber,  d,  d,  to  condense  the  acid;  and 
the  mutual  re-action  of  the  atmospheric  oxygen,  sulphurous  acid, 
and  deutoxide  of  nitrogen  is  further  facilitated  by  the  injection  of 
jets  of  steam,  c,  c,  c,  supplied  from  the  boiler,  e.  The  nitric  acid 
extricated  from  the  nitre,  speedily  becomes  de-oxidized  by  the 
sulphurous  acid  to  the  state  of  deutoxide  of  nitrogen,  and  then  the 
changes  already  pointed  out,  rapidly  succeed  each  other,  and  sul- 
phuric acid  is  formed  in  large  quantity. 

In  a  properly  managed  chamber,  the  gases  which  pass  off"  by 
the  exit-flue,  c,  consist  only  of  nitrogen  and  deutoxide  of  nitrogen, 
the  sulphurous  acid  and  oxygen  being  supplied  just  in  sufficient 
quantities  mutually  to  condense  each  other,  fresh  atmospheric  air 
entering  at  the  other  end  along  with  the  sulphurous  acid. 

M.  Gay  Lussac  has  taken  advantage  of  the  solubility  of  deut- 
oxide of  nitrogen  in  oil  of  vitriol,  to  economise  the  consumption  of 
nitre  in  the  process,  which  upon  the  old  plan,  amounts  to  from 
one-eighth  to  one-twelfth  of  the  weight  of  the  sulphur  consumed. 
By  the  contrivance  to  be  mentioned  immediately,  the  quantity  of  nitre 
formerly  requisite  has  been  reduced  by  one-half.  The  improvement 
consists  in  conducting  the  spent  gases  into  a  leaden  tower  filled  with 
fragments  of  coke,  through  which  a  stream  of  concentrated  sulphuric 
acid  is  continually  trickling.  The  acid  thus  becomes  charged  with 
the  nitrous  vapours,  and  flows  off  at  the  bottom  of  the  tower 
to  a  reservoir  from  which  it  is  again  raised  by  a  forcing  pump  to 
the  top  of  a  second  similar  tower  at  the  entrance  of  the  chamber, 
where  it  is  deprived  of  the  nitrous  compounds  by  the  sulphurous 
acid  gas  as  it  enters  from  the  fui'nace.  This  plan  has  not  as 
yet  come  into  general  use  in  this  country. 

The  sulphuric  acid  which  collects  at  the  bottom  of  the  cham- 
bers is  in  too  dilute  a  condition  for  sale :  it  is  not  found  advan- 
tageous to  allow  it  to  attain  a  greater  degree  of  concentration 
than  1*45  in  the  chambers,  as  it  becomes  liable  to  absorb  and 
retain  the  nitrous  fumes.  When  it  has  reached  a  specific  gravity 
of  about  1*45,  it  is  drawn  off  and   evaporated  in  shallow  leaden 
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pans  till  it  has  acquired  a  density  of  1*720;  beyond  this  point  the 
concentration  cannot  be  carried  in  these  vessels^  as  the  tempe- 
rature required  would  endanger  the  melting  of  the  leaden  pan, 
and  its  corrosion  by  the  acid.  The  liquid  is  therefore  drawn  off 
into  glass  retorts,  or,  as  is  now  practised  in  many  works  with  great 
advantage,  into  platinum  stills ;  in  these  it  is  again  further  heated 
until  white  fumes  of  oil  of  vitriol  pass  over.  Beyond  this  point 
it  is  useless  to  carry  the  operation,  as  the  concentrated  acid 
distils  over.  Indeed  during  the  whole  operation,  some  acid  passes 
over  with  the  water,  which  is  therefore  preserved,  and  returned 
to  the  leaden  chamber. 

The  acid  that  remains  in  the  retort  after  it  has  been  thus 
boiled  down,  is  the  concentrated  oil  of  vitriol  of  commerce — 4t  is 
a  definite  hydrate  of  sulphuric  acid,  containing  i  equivalent  of 
acid  and  i  of  water  (HO,  SO3).* 

The  following  table,  according  to  Dr.  Ure,  gives  the  proportion 
of  sulphuric  acid  contained  in  solutions  of  the  densities  therein 
mentioned  at  60°  F. 


Strength  of  Sulphuric 

Acid  of  Different  Densities. 

Specific 

SOsin 

HO, 

Specific 

SOgin 

HO, 

Specific 

SOsin 

HO, 

Gravity, 

100  parts. 

SO3. 

Gravity. 

100  parts. 

SO3. 

Gravity. 

100  parts. 

SO3. 

1-8460 

81-54 

100 

1-5503 

53-82 

66 

1-2334 

26-09 

32 

1-8415 

79-90 

98 

1-5280 

52-18 

64 

I-2184 

24-46 

30 

1-8366 

78-28 

96 

1-5066 

50-55 

62 

1-2032 

22-83 

28 

1-8288 

76-65 

94 

1-4860 

48-92 

60 

I-1876 

21-20 

26 

I-8181 

75-02 

92 

1*4660 

45-66 

^l 

1-1706 

19-57 

24 

1-8070 

73'39 

§2 

1-4460 

56 

I-I549 

17.94 

22 

I-7901 

71-75 

88 

1-4265 

44-03 

54 

1-1410 

16-31 

20 

1-7728 

70-12 

86 

I  "4073 

42-40 

52 

1-1246 

14-68 

18 

i"7540 

68-49 

84 

1-3884 

40-77 

50 

1-1090 

13-05 

16 

i'73i5 

66-86 

82 

1-3697 

39-14 

4? 

1-0953 

11-41 

14 

1-7080 

65-23 

80 

1-3530 

37-51 

46 

1-0809 

978 

12 

1-6860 

63-60 

78 

1-3345 

35-88 

44 

1-0682 

8-15 

10 

1-6624 

61-97 

76 

I-3165 

34-25 

42 

1-0544 

6-52 

8 

1-6415 

60-34 

74 

1-2999 

32-61 

40 

1-0405 

4-89 

6 

1-6204 

5871 

72 

1-2826 

30-98 

3? 

1-0268 

3-26 

4 

1-5975 

57-08 

Va 

1-2654 

29-35 

36 

T0140 

1-63 

2 

1-5760 

55-45 

68 

1-2490 

27-72 

34 

1-0074 

0-815 

I 

(346)  Hydrates  of  Sulphuric  Acid. — The  oil  of  vitriol  of  com- 
merce forms  a  dense,  oily  looking  colourless  liquid,  without  smell, 
and  of  specific  gravity  i'843.    It  is  intensely  caustic,  and  chars  almost 

*  Marignac  {Ann.  de  Chimie,  III.  xxxix,  189)  finds  that  it  always  contains 
a  slight  excess  of  water  beyond  the  atomic  proportion  j  instead  of  18-36  per 
cent,  of  water,  he  always  obtained  19-62. 
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all  organic  substances,  from  its  powerful  affinity  for  moisture. 
With  water  it  mixes  completely  in  all  proportions;  great  heat  is 
given  out  at  the  moment  the  mixture  is  made,  and  the  mixture, 
when  cold,  occupies  less  bulk  than  the  two  liquids  did  when  sepa- 
rate. The  dilution  should  therefore  be  performed  gradually, 
always  pouring  the  acid  into  the  water,  not  the  water  into  the 
acid.  So  powerful  is  the  attraction  of  the  acid  for  moisture,  that 
if  exposed  in  a  shallow  dish  to  the  air  for  a  few  days,  it  frequently 
doubles  its  weight  by  absorbing  aqueous  vapour  from  the  air. 
The  acid  of  commerce  is  often  of  a  dark  brown  coloirr,  occa- 
sioned by  its  charring  action  on  fragments  of  organic  matter,  such 
as  straw  or  wood,  which  have  accidentally  fallen  into  it.  Sul- 
phuric acid  does  not  evaporate  at  the  ordinary  temperature  of  the 
air.  If  a  drop  of  dilute  acid  fall  upon  a  cloth,  the  water  gradu- 
ally evaporates  until  the  acid  which  is  left  behind  acquires  a  con- 
siderable degree  of  concentration.  On  approaching  a  fire  or  other 
source  of  heat,  a  further  portion  of  the  water  is  expelled,  and  the 
acid  becomes  more  concentrated,  till  it  chars  or  destroys  the  cohe- 
sion of  the  fibres — hence  the  destructive  action  of  sulphuric  acid 
upon  linen,  even  when  very  much  diluted. 

Marignac  finds  that  the  true  monohydrate  of  sulphuric  acid  when 
heated  emits  a  small  quantity  of  the  vapour  of  the  anhydrous  acid, 
and  the  remaining  liquid  boils  at  640°  F.  After  it  has  been  frozen, 
it  melts  at  51°,  but  it  may  be  cooled  much  below  this  point  without 
solidifying.  On  dropping  into  the  cooled  acid  a  crystal  of  the  acid 
previously  frozen,  congelation  immediately  occurs,  and  the  tempera- 
ture rises  to  51°  F.  The  concentrated  acid  of  commerce  does  not 
usually  freeze  till  it  has  been  cooled  to  about  — 30°  F. 

Bihydrate  of  Sulphuric  Acid,  (HO,  SO3  -f  HO). — If  water  be 
added  to  sulphuric  acid,  until  the  density  is  reduced  to  178,  a 
second  hydrate,  which  contains  2  equivalents  of  water,  is  formed. 
It  freezes  at  47°,  and  crystallizes  in  splendid  rhombic  prisms ; 
from  this  property  it  is  often  termed  glacial  sulphuric  acid.  Accord- 
ing to  Dalton,  it  boils  at  435°.  Mr.  Graham  found  that  this 
hydrate  may  be  obtained  by  heating  a  more  dilute  acid  to  400°  F. 
till  it  ceases  to  give  ofi"  water. 

A  terhydrate  (HO,S03  +  2HO)  may,  according  to  Mr.  Graham, 
be  procured  by  evaporating  a  dilute  acid  in  vacuo  at  2i:z°,  till  it 
ceases  to  lose  weight.  The  density  of  this  hydrate  is  1*632,  and 
its  boiling  point  is  348°. 

Nordhausen  Sulphuric  Acid. — For  the  purpose  of  dissolving 
indigo  in  the  process  of  dyeing  Saxony  blue,  an  acid  of  still  higher 
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concentration  than  oil  of  vitriol  is  required.  Such  an  acid  is 
principally  prepared  at  the  town  of  Nordhausen^  in  Saxony_,  and 
is  hence  known  as  Nordhausen  oil  of  vitriol :  in  preparing  it, 
sulphate  of  iron  is  dried  at  a  moderate  heat  to  expel  its  water 
of  crystallization,  and  is  then  distilled  in  earthen  retorts ;  a  dense, 
brown,  fuming  liquid  passes  over,  of  sp.  gr,  about  1*9. 

Anhydrous  Sulphuric  Acid,  (SO3). — If  this  fuming  Nordhausen 
acid  be  placed  in  a  glass  retort,  furnished  with  a  receiver  which  is 
kept  cool  by  ice,  and  a  gentle  heat  be  applied  to  the  retort,  white 
fumes  pass  over,  which  condense  into  a  white  silky -looking  fibrous 
mass.  This  is  the  compound  of  i  equivalent  of  sulphur  with  3  of 
oxygen,  commonly  called  anhydrous  sulphuric  acid.  The  remainder 
in  the  retort,  after  all  the  anhydrous  acid  is  expelled,  consists  of 
ordinary  oil  of  vitriol.  Anhydrous  sulphuric  acid  may  also  be 
obtained  from  the  bisulphate  of  soda  (NaO,  HO,  2  SO3),  which 
melts  at  a  dull  red  heat,  and  is  deprived  of  its  equivalent  of  water ; 
when  distilled  in  an  earthen  retort,  it  yields  white  fumes  of  the 
anhydrous  acid,  w^hilst  neutral  sulphate  of  soda  (NaO,S03)  remains 
in  the  retort.  Combined  with  i  equivalent  of  oil  of  vitriol  it  crys- 
tallizes in  plates  consisting  of  2  SO3,  HO. 

The  so  called  anhydrous  sulphuric  acid,  however,  in  this  state 
possesses  no  acid  properties.  It  is  tough,  ductile,  and  can  be 
moulded  in  the  fingers,  like  wax,  without  charring  the  skin.  It 
fumes  in  the  air,  and  is  very  deliquescent ;  when  thrown  into  water 
it  hisses  as  a  hot  iron  would  do  from  the  heat  emitted.  The  solution 
has  all  the  properties  of  ordinary  sulphuric  acid.  The  anhydrous 
compound  melts  at  65°  F.,  and  boils  at  about  110°,  forming  a 
colourless  vapour,  which  if  passed  through  ignited  porcelain  tubes 
is  decomposed  into  2  volumes  of  sulphurous  acid  and  i  volume  of 
oxygen;  i  volume  of  sulphur  vapour  and  3  volumes  of  oxygen 
are  condensed  into  2.  The  specific  gravity  of  this  vapour  is  2*763. 
According  to  Marignac,  anhydrous  sulphuric  acid  exists  under  two 
modifications ;  one  of  which  melts  about  6^  F.,  and  is  produced 
by  distillation,  or  by  fusion  at  a  high  temperature  ;  but  when 
once  it  has  been  solidified,  it  passes  rapidly  into  the  other  form, 
which  melts  near  212°  F.,  at  which  temperature  it  slowly  volatilizes, 
and  is  reconverted  into  the  first  variety. 

Anhydrous  sulphuric  acid  combines  with  sulphur,  forming  solu- 
tions which  have  a  brown,  green,  or  blue  colour,  according  to  the 
proportion  of  sulphur ;  the  blue  compound  containing  the  smallest 
proportion.  It  also  dissolves  iodine,  and  with  one-tenth  of  its 
weight  of  iodine  forms  a  green  crystalline  compound. 
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We  are,  therefore,  acquainted  with  the  following  definite  com- 
pounds of  sulphuric  acid  with  water ;  starting  with  the  anhydrous 
acid : — 


Anhydrous       SO3  .     .     .     . 
Dihydrate        HO,  2  SO3     . 
Monohydrate  HO,  SO3   .     . 
Bihydrate        2  HO,  SO3      . 
Terhydrate      3  HO,  SO3     . 

Fusing 
point  °  F. 

Boiling          Specific 
point  °  F.        gravity. 

65 

95 
51 

47 

640 

435 
348 

1-842 

1-780 
1-632 

The  applications  of  sulphuric  acid  in  the  arts  are  very  numerous. 
Immense  quantities  of  it  are  consumed  in  the  manufacture 
of  sulphate  of  soda  as  a  preliminary  process  in  making  car- 
bonate of  soda;  and  it  is  in  constant  requisition  for  the  prepara- 
tion of  nitric,  hydrochloric,  and  other  volatile  acids.  In  the 
laboratory  its  applications  are  too  numerous  to  be  specified. 

(347)  Impurities  common  in  the  Commercial  Acid. — The  oil  of 
vitriol  of  commerce  is  never  pure :  it  always  contains  lead,  derived 
from  the  vessels  in  which  it  is  made.  The  sulphate  of  lead  is  pre- 
cipitated as  a  white  powder  when  the  acid  is  diluted.  It  is  also 
frequently  contaminated  with  arsenic,  derived  from  the  pyrites : 
the  diluted  acid  in  this  case  gives  a  yellow  precipitate  when  exposed 
to  a  current  of  sulphuretted  hydrogen  gas.  The  arsenic  is  still 
more  easily  recognised  by  what  is  termed  Marsh's  test,  which  will 
be  described  under  the  head  of  arsenic.  Nitric  acid,  and  some  of 
the  lower  oxides  of  nitrogen,  are  also  often  present.  A  strong 
solution  of  green  vitriol  in  water,  when  added  to  the  undiluted  acid, 
shows  the  presence  of  these  impurities  by  striking  a  characteristic 
purplish-red  colour  at  the  point  of  contact  of  the  two  liquids. 
Sulphurous  acid  may  likewise  sometimes  be  detected  in  the  acid, 
as  may  also  hydrochloric  acid  and  sulphate  of  potash. 

When  required  pure,  the  acid  must  be  re-distilled  with  a  little 
sulphate  of  ammonia ;  this  salt  decomposes  any  nitrous  acid  which 
may  be  present  (p.  514).  The  distillation  requires  to  be  conducted 
with  much  care,  as  the  boiling  takes  place  with  violent  concussions 
and  sudden  bursts  of  vapour :  the  best  plan  for  avoiding  danger, 
consists  in  applying  heat  to  the  sides,  and  not  to  the  bottom  of 
the  retort;  this  may  be  effected  by  using  a  gas-burner  in  the 
form  of  a  large  ring.  The  insoluble  matters  collect  at  the 
bottom  of  the  retort,  whilst  the  ebullition  takes  place  from  the 
sides  tranquilly. 

In    its    concentrated    form    sulphuric    acid    acts    but    feebly 

p  p 
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upon  metallic  bodies  in  tlie  cold^  but  when  boiled  upon  them  it  in 
some  cases  undergoes  decomposition  :  even  silver  is  dissolved  by- 
it  ;  the  metal  is  oxidized  at  the  expense  of  a  part  of  the  oxygen  of 
the  acid^  sulphurous  acid  being  formed,  whilst  the  sulphate  of  the 
metal  dissolves  in  the  excess  of  sulphuric  acid :  thus 

Ag  +  2  SO3  become  AgO,  SO3  +  SOg. 

Copper,  mercury,  antimony,  bismuth,  lead,  and  tellurium  act  upon 
the  acid  in  a  similar  manner.  Gold,  platinum,  rhodium,  and 
iridium  are  not  acted  upon  by  the  acid  even  when  boiled  with  it. 
The  more  oxidizable  metals  are  dissolved  by  this  acid  when  diluted 
with  water,  water  being  decomposed  and  hydrogen  liberated,  whilst 
the  oxygen  of  the  water  combines  with  the  metal,  and  the  metallic 
oxide  at  the  moment  of  its  formation  unites  with  the  sulphuric 
acid :  zinc,  iron,  cobalt,  nickel,  and  manganese,  are  acted  upon 
in  this  way. 

Sulphates. — The  sulphates  are  for  the  most  part  composed  of 
I  equivalent  of  acid  and  i  of  metallic  oxide,  like  sulphate  of  zinc 
(ZnO,  SO3).  There  are,  however,  strong  grounds  for  believing 
that  sulphuric  acid  is  what  is  termed  a  bibasic  acid  (460).  "With 
the  alkalies  it  forms  acid  salts,  such  as  bisulphate  of  potash 
(HO,KO,  2  SO3)  :  in  a  few  instances  basic  salts,  such  as  the  sub- 
sulphate  of  copper  (3  CuO,S03  +  2  aq),  are  formed.  The  sulphates 
of  the  alkalies  and  of  the  alkaline  earths  are  not  decomposed  when 
heated  to  redness :  the  sulphates  of  zinc,  cadmium,  nickel,  cobalt, 
copper,  and  silver  require  an  intense  heat  to  decompose  them ;  but 
the  other  sulphates  part  with  their  acid  without  difficulty  when 
strongly  ignited.  When  heated  with  charcoal  the  sulphates  are  all 
decomposed;  those  of  the  alkalies  and  alkaline  earths  being  con- 
verted into  sulphides :  the  residue,  when  moistened  with  hydrochloric 
acid,  evolves  sulphuretted  hydrogen.  Thus  sulphate  of  baryta  may 
be  easily  recognised  even  in  small  quantity,  if,  after  having  been 
mixed  with  a  little  charcoal  and  folded  in  a  piece  of  platinum  foil, 
it  is  heated  in  the  flame  of  the  blowpipe  : 

BaO,S03  +  4  C  become  BaS  +  4  CO, 

the  carbonic  oxide  escapes  as  gas,  and  the  sulphide  of  barium, 
when  moistened  with  hydrochloric  acid,  becomes  chloride,  evolving 
hydrosulphuric  acid;  BaS  +  HCl  =  BaCl  +  HS.  The  sulphates 
of  the  alkalies  and  alkaline  earths  may  also  be  converted  into 
sulphides  by  heating  them  to  redness  in  a  glass  or  porcelain 
tube,  and  transmitting  a  current  of  dry  hydrogen  ^as  over  them. 
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In  tliis  way  sulphate  of  potash  is  easily  reduced  to   sulphide  of 
.potassium^  water  being  formed  :  thus 

KO.SOg  +  4  H  =  KS  +  4  HO. 

Sulphuric  acid  and  its  salts  are  easily  recognised  when  in  solu- 
tion by  the  white  precipitate  which  occurs  on  the  addition  of 
nitrate  of  baryta;  this  precipitate  is  insoluble  in  nitric  acid.  A 
white  precipitate  of  sulphate  of  lead,  nearly  as  insoluble  as  the  sul- 
phate of  baryta,  is  formed  on  adding  a  soluble  salt  of  lead  to  a 
solution  containing  sulphuric  acid  or  a  sulphate.  The  sulphates  of 
strontia,  lime,  and  silver  are  but  sparingly  soluble  in  water;  the 
others  dissolve  readily;  nearly  all  the  sulphates  are  insoluble  in 
alcohol,  unless  a  large  excess  of  acid  be  present. 

(348)  Hyposulphurous  Acid,  (S2O2);  Equivalent,  48. — Of  the 
remaining  acids  of  sulphur,  the  only  one  of  any  practical  impor- 
tance is  the  hyposulphurous  or  dithionous  acid.  In  combination 
with  soda  it  has  been  largely  employed  in  the  fixing  of  photographic 
pictures.  This  application  has  arisen  from  its  power  of  dissolving 
those  salts  of  silver  which  are  insoluble  in  water,  forming  with 
them  soluble  double  salts ;  the  surface  of  the  photograph  is  freed 
from  the  unaltered  argentine  compound  by  immersion  in  a  solu- 
tion of  the  hyposulphite ;  after  which,  if  well  washed  with  water, 
it  is  no  longer  liable  to  alteration  by  exposure  to  light. 

If  zinc  filings  be  digested  in  a  solution  of  sulphurous  acid,  the 
metal  dissolves  without  any  extrication  of  gas,  it  is  oxidized  at  the 
expense  of  a  portion  of  the  sulphurous  acid,  and  a  mixture  of  sul- 
phite and  hyposulphite  of  zinc  is  found  in  solution  (3  SO2  + 
2  Zn  =  ZnO,S202  +  ZnO,S02).  No  practical  applications  have 
been  made  of  the  hyposulphite  of  zinc.  The  hyposulphite  of  soda 
is  manufactured  to  some  extent  by  transmitting  through  a  solu- 
tion of  impure  sulphide  of  sodium  (prepared  by  fusing  together 
in  a  covered  crucible  equal  weights  of  carbonate  of  soda  and 
flowers  of  sulphur)  a  stream  of  sulphurous  acid  until  it  ceases  to 
be  absorbed ;  the  liquid  is  then  filtered  and  evaporated ;  hyposul- 
phite of  soda  (NaO,S202  -f  5  aq)  crystallizes  from  the  solution 
in  bold  striated  rhombic  prisms,  terminated  by  oblique  faces. 
A  still  better  plan  consists  in  digesting  a  solution  of  sulphite 
of  soda  on  powdered  sulphur.  The  sulphur  gradually  dissolves 
and  forms  a  colourless  solution,  which  on  evaporation  yields 
crystals  of  hyposulphite  of  soda,  i  equivalent  of  sulphur  com- 
bining with  I  equivalent  of  sulphite  of  soda ;  NaO,  SOg  +  S  give 
NaO,   SgOg.      A  hyposulphite  of  baryta  may  be  obtained  in  small 
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brilliant  crystals  by  mixing  dilute  solutions  of  chloride  of  barium 
and  hyposulphite  of  soda. 

It  is  impossible,  however,  to  obtain  the  acid  in  an  insulated  form 
either  from  this  or  from  any  of  its  salts ;  when,  for  example,  sul- 
phuric acid  is  added  to  the  hyposulphite  of  baryta,  sulphate  of 
baryta  is  precipitated,  but  if  the  solution  be  filtered,  the  clear  liquid 
speedily  becomes  milky  from  the  separation  of  sulphur,  and  the 
odour  of  sulphurous  acid  is  emitted ;  S2O2  becomes  S  +  SOg. 

The  soluble  hyposulphites  are  easily  recognised  by  the  facility 
with  which  they  dissolve  chloride  of  silver,  forming  a  solution  of 
an  intensely  sweet  taste.  AgCl  +  2  (NaO,  S2O2)  =  NaCl  +  NaO, 
AgO,  2  S2O2. 

They  give  a  brown  precipitate,  consisting  of  sulphide  of  copper, 
when  heated  with  a  solution  of  a  salt  of  copper  acidulated  with 
hydrochloric  acid ;  and  a  white  precipitate  of  hyposulphite  of  lead 
in  solutions  of  the  salts  of  lead ;  this  precipitate,  however,  becomes 
decomposed  and  blackened  if  dried  at  212°,  owing  to  its  partial 
conversion  into  sulphide  of  lead  :  nitrate  of  suboxide  of  mercury  is 
decomposed  immediately  at  ordinary  temperatures  in  a  similar 
manner,  the  black  sulphide  of  mercury  being  deposited.  An 
alcoholic  solution  of  iodine  is  rendered  colourless  by  admixture 
with  an  excess  of  a  hyposulphite;  a  tetrathionate  of  the  base 
being  produced  (351). 

When  heated  in  close  vessels  the  hyposulphite  of  soda  loses 
water,  and  then  is  resolved  into  sulphate  of  soda  and  pentasulphide 
of  sodium.  4  (NaO,  S2O2)  =  3  (NaO,  SO3)  +  NaSg.  Solutions 
of  the  hyposulphites  of  lime  and  strontia  are  decomposed  below  the 
temperature  of  212°  into  free  sulphur  and  sulphites  of  the  earths. 

MM.  Fordos  and  Gelis  {Ann.  de  Chimie,  III.,  xiii.,  399)  have 
shown  that  hyposulphite  of  soda,  when  mixed  with  chloride  of  gold, 
forms  chloride  of  sodium,  tetrathionate  of  soda  (NaO,  S4O5),  and 
a  double  hyposulphite  of  soda  and  oxide  of  gold;  (AuO,  SgOg  + 
3  (NaO,  S2O2)  +  4  aq) .  The  latter  salt  is  used  for  gilding  the 
daguerreotype  plate,  and  for  colouring  the  positive  proof  obtained 
in  photographic  printing.  The  formation  of  this  double  salt  admits 
of  explanation  by  the  following  equation  :  8  (NaO,  S2O2)  +  AuClg  = 

Tetrathionate  of  soda.  Hyposulphite  of  soda  and  gold.  Chlor.  sodium. 

2  7iJaOrS^5)  +  AUO7S2O2,  3  (NaO,  S2O2)  +  3"n^1 

The  double  hyposulphite  of  soda  and  gold  may  be  obtained  in  a 
state  of  purity  by  mixing  concentrated  solutions  of  i  part  of  chloride 
of  gold  and  3  parts  of  hyposulphite  of  soda :   on  the  addition  of 
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alcohol  it  is  precipitated ;  the  precipitate  must  be  redissolved  in  a 
small  quantity  of  water,  and  again  precipitated  by  alcohol. 

(349)  Hyposulphuric  Acid  :  Dithionic  Acid,  (S2O5) ;  Equiva- 
lent, 72.  —  This  acid  is  more  stable  than  the  hyposulphurous  acid, 
and  may  be  obtained  in  combination  with  water.  If  sulphurous 
acid  be  transmitted  through  water  in  which  finely  divided  peroxide 
of  manganese  is  suspended,  the  gas  is  rapidly  absorbed,  and  if  the 
liquid  be  kept  cool,  hyposulphate  of  manganese  is  formed,  MnOg  -|- 
2  S02  =  MnO,  S2O5.  If  the  temperature  be  allowed  to  rise,  sulphate 
of  manganese  is  formed  instead,  Mn02  +  S02  =  MnO,  SO3.  It  is 
difficult  to  prevent  the  formation  of  a  little  of  the  latter  salt,  but 
the  two  salts  are  easily  separated ;  by  adding  baryta  water  the 
protoxide  of  manganese  is  precipitated,  and  sulphate  and  hypo- 
sulphate  of  baryta  are  formed  (MnO,S03  +  MnO  S^Og  +  2  BaO  = 
BaO,S03  +  BaO  S2O5  +  2  MnO).  The  hyposulphate  of  baryta, 
being  soluble,  may  be  separated  from  the  insoluble  sulphate  of  baryta 
by  filtration,  and  by  the  cautious  addition  of  dilute  sulphuric  acid 
to  the  filtered  liquid,  until  a  precipitate  ceases  to  form  on  the 
addition  of  a  drop  of  sulphuric  acid,  hyposulphuric  acid  may  be 
liberated  and  filtered  from  the  additional  sulphate  of  baryta. 

When  heated,  the  hyposulphates  give  off  sulphurous  acid  and 
a  sulphate  of  the  base  remains  behind.  The  hyposulphates  are  all 
soluble  in  water.  At  a  boiling  heat  they  may  be  oxidized  by 
chlorine  or  by  nitric  acid,  and  two  equivalents  of  sulphuric  acid 
are  formed,  S2O5  =  0  +  2  SO3.  In  the  cold,  they  present  no 
appearance  of  decomposition  when  treated  with  sulphuric  acid,  but 
if  heated  with  it,  sulphurous  acid  is  evolved,  but  no  deposit  of  sul- 
phur occurs.  These  reactions  distinguish  the  hyposulphates  from 
both  the  sulphites  and  the  hyposulphites. 

(350)  Trithionic  Acid,  (S3O5) ;  Equivalent,  88.  —  If  a  satu- 
rated solution  of  bisulphite  of  potash  be  digested  on  flowers  of 
sulphur  for  three  or  four  days,  till  the  yellow  colour  has  disap- 
peared, sulphurous  acid  gradually  escapes  and  trithionate  of  potash 
is  formed.  It  crystallizes  in  anhydrous  four-sided  prisms,  termi- 
nated by  dihedral  summits.  A  solution  of  the  salt  gives  a  black 
precipitate  with  subnitrate  of  mercury,  and  a  white  with  the  per- 
nitrate  of  mercury ;  with  nitrate  of  silver  it  gives  a  yellowish  white 
precipitate,  which  soon  becomes  black.  The  trithionate  of  potash 
may  be  decomposed  by  means  of  tartaric  acid,  but  the  liberated 
trithionic  acid  gradually  undergoes  decomposition  into  sulphur, 
and  sulphurous  and  sulphuric  acids,  S3O5  =  S  +  SO2  +  SO3. 
When    the  trithionates    are    heated    in    a    closed    tube,    sulphur 
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sublimes,  sulphurous  acid  is  expelled,  and  sulphate  of  the  base 
is  left. 

(351)  Tetrathionic  Acid,  (S^Og) ;  Equivalent,  104. — When 
hyposulphite  of  baryta  is  suspended  in  water,  and  iodine  is  added, 
iodide  of  barium  is  formed,  and  a  new  sparingly  soluble  salt,  the 
tetrathionate  of  baryta,  separates  in  crystals  : 

2  (BaO,  S2O2)  +  I  =  BaH-  BaO,  S4O5. 

The  tetrathionate  is  purified  by  recrystallization ;  and  from  a 
solution  of  this  salt  pure  tetrathionic  acid  may  be  prepared  by  the 
addition  of  a  quantity  of  sulphuric  acid  just  sufficient  to  precipi- 
tate the  whole  of  the  baryta ;  the  acid  may  be  concentrated  in  vacuo 
over  sulphuric  acid.  By  boiling  the  solution  sulphur  is  deposited, 
sulphurous  acid  escapes,  and  sulphuric  acid  remains  in  the 
liquid. 

{^^1)  Pentathionic  Acid,  (S5O5) ;  Equivalent,  120. — A  solu- 
tion of  sulphurous  acid  is  decomposed  by  transmitting  through  it 
a  current  of  sulphuretted  hydrogen ;  sulphur  is  deposited,  and  a 
new  acid  remains  in  solution,  5  §02  +  5118  =  85054-5  8+5  HO. 
It  is  very  unstable  :  tetrathionic  and  trithionic  acids  form  in  the 
solution,  attended  with  a  deposition  of  sulphur.  The  pentathio- 
nate  of  baryta  may  be  obtained  in  silky  scales  by  neutralizing  the 
acid  with  baryta  water  and  precipitating  the  salt  from  its  aqueous 
solution  by  the  addition  of  alcohol.  8ubnitrate  of  mercury  gives 
a  yellow  precipitate  in  its  solution ;  nitrate  of  silver  a  yellow  pre- 
cipitate, which  quickly  decomposes  and  becomes  black. 

The  action  of  sulphuric  acid  is  a  valuable  means  of  distinguishing 
between  several  of  the  different  classes  of  the  oxy-salts  of  sulphur. 
"When  concentrated  sulphuric  acid  is  poured  upon  the  sulphates  it 
evolves  no  odour,  even  when  heated  with  them.  The  sulphites,  even 
in  the  cold,  yield,  with  dilute  sulphuric  acid,  an  odour  of  sul- 
phurous acid.  The  hyposulphates  emit  no  odour  of  sulphurous  acid 
with  dilute  sulphuric  acid  in  the  cold,  but  evolve  sulphurous  acid 
by  the  aid  of  heat :  whilst  dilute  sulphuric  acid  produces  with  the 
hyposulphites,  in  the  cold,  an  odour  of  sulphurous  acid  attended 
with  a  deposit  of  sulphur. 

{^Si)  Chlorosulphuric  Acid,  (SO2CI);  Equivalent,  6y'^. — If 
equal  measures  of  sulphurous  acid  and  of  chlorine,  both  perfectly 
dry,  be  mixed  together,  no  change  occurs  in  diffused  daylight,  but 
under  the  influence  of  bright  sunshine  they  unite  and  condense  to 
a  colourless  liquid,  of  specific  gravity  1*66.  It  has  an  extremely 
pungent  odour,  and  an  irritating  effect  upon  the  eyes.      It  boils  at 
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170°  F._,  and  emits  a  vapour  of  specific  gravity  4'66^.  This  sub- 
stance can  scarcely  be  called  an  acid,  as  it  does  not  form  any 
peculiar  class  of  salts.  It  may  be  distilled  unchanged  from  caustic 
lime  or  baryta;  but  by  admixture  with  water  it  is  immediately 
decomposed  into  sulphuric  and  hydrochloric  acids,  SO2CI  +  HO  = 
SO3  +  HCl.  An  analogous  compound  may  be  formed  with 
iodine.  These  bodies  are  considered,  by  H.  Rose  and  by  Berzelius, 
as  compounds  of  sulphuric  acid  with  chloride  or  iodide  of  sulphur  : 

3  (SO2CI)  =  (2  SO3  +  SCI3). 

Rose  has  obtained  a  fuming  oily -looking  compound,  which  boils  at 
293°  F.,  containing  SO3  +  SOgCl,  which  both  Rose  and  Berzelius 
regard  as  (5  SO3  +  SCI3).  It  should  be  stated,  in  opposition 
to  this  view  of  Berzelius,  that  no  compound  of  chlorine,  SCI3,  is 
known  to  exist. 

(354)  NiTRosuLPHURic  AciD,  (SOg  NOg) ;  Equivalent,  62.  — 
Deutoxide  of  nitrogen  and  sulphurous  acid  may  be  mixed  with 
each  other  in  a  dry  state  without  entering  into  combination,  but 
if  a  strong  solution  of  potash  be  thrown  up  into  a  jar  containing  a 
mixture  of  2  vohimes  of  the  deutoxide  and  i  of  sulphurous  acid,  over 
mercury,  the  gas  is  gradually  and  completely  absorbed.  If  a  solu- 
tion of  ammonia  be  saturated  with  sulphurous  acid,  then  mixed 
with  four  or  five  times  its  bulk  of  solution  of  ammonia,  and  a  current 
of  deutoxide  of  nitrogen  be  slowly  transmitted,  whilst  the  liquid  is 
artificially  kept  cool,  the  gas  is  in  great  measure  absorbed,  and 
beautiful  snow-white  crystals  of  nitrosulphate  of  ammonia, 
NH4O,  SO2NO2,  are  deposited ;  they  may  be  collected  on  a  filter, 
washed  with  a  little  ice-cold  solution  of  ammonia,  and  dried  in 
vacuo  over  sulphuric  acid. 

This  salt  is  a  singularly  unstable  compound ;  when  dissolved 
in  water  it  begins  to  undergo  decomposition  at  ordinary  tempera- 
tures :  the  presence  of  a  free  alkali  increases  its  stability.  If  an 
attempt  be  made  to  liberate  the  acid  by  the  addition  of  another 
acid  to  the  salt,  brisk  eflervescence,  due  to  the  escape  of  protoxide 
of  nitrogen,  takes  place,  and  sulphuric  acid  remains  in  the  liquid, 
SO2NO2  giving  SO3  +  NO.  Mere  admixture  of  the  solution  of 
the  nitrosulphate  of  ammonia  with  that  of  many  metallic  salts, 
such  for  instance  as  sulphate  of  copper,  produces  a  similar  decom- 
position :  probably  a  double  decomposition  occurs,  CuO,  SOg  + 
NHA  SO2NO2  =  CuO,  SO2NO2  +  NHP,  SO3;  and  the  nitro- 
sulphate of  copper  is  immediately  resolved  into  protoxide  of  nitrogen 
and  sulphate  of  copper.      If  the  dry  nitrosulphate  be  heated  a  little. 
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above  230°,  it  is  decomposed  witli  explosive  evolution  of  tlie  prot- 
oxide of  nitrogen. 

The  nitrosulphates  of  potash  and  soda  are  rather  more  stable. 
No  insoluble  nitrosulphates  have  been  formed ;  they  give  no  pre- 
cipitate with  baryta  water.  The  nitrosulphates  of  the  alkalies  are 
neutral  to  test  paper^  and  have  a  pungent  bitterish  taste. 

(354  bis)  Compounds  of  Sulphurous  and  Nitrous  Acids — Sulpha- 
zotized  Acids  of  Fremy. — A  remarkable  series  of  salts  has  been 
described  by  Fremy  {Ann.  de  Chimie,  III._,  xv.,  408),  formed  by  the 
action  of  sulphurous  acid  upon  nitrite  of  potash  containing  a  large 
excess  of  free  alkali.  Sulphurous  acid  combines  with  the  elements  of 
nitrite  of  potash  and  water  in  several  different  proportions,  and  forms 
compounds  which  crystallize  readily,  and  in  which  neither  sulphurous 
nor  nitrous  acid  can  be  detected  by  the  usual  tests.  The  solutions 
of  these  salts  produce  a  precipitate  in  solutions  of  salts  of  baryta, 
which  contains  the  new  acid.  These  compounds  are  all  decom- 
posed by  boiling  their  solutions,  and  ammonia  and  sulphuric  acid 
are  amongst  the  products ;  and  some  of  them  even  experience  a 
similar  decomposition  at  ordinary  temperatures. 

The  subjoined  formulae  will  sufficiently  indicate  the  derivation 
of  these  salts  from  nitrite  of  potash,  water,  and  sulphurous  acid  : — 

Sulphazite  of  potash,  3  KO,  S3NH3O10  or  3  KO,  NO3  +  3  SOo  +  3  HO 

Sulphazate  of  potash,  3  ICO,  S4NH3O14  or  3  KO,  NO3  -f  4  SO2  +  3  HO 

Sulphazotate  of  potash,  3  KO,  S5NH3O16  or  3  KO,  NO3  +  5  SO.,  +  3  HO 
Sulphammonate  of  potash,  4  KO,  S8NH3O22  or  4  KO,  NO3  +  8  SOg  +  3  HO 

It  is  remarkable  that  if  nitrite  of  soda  be  substituted  for  nitrite  of 
potash  no  sulphazotized  salts  are  formed.  Indeed,  M.  Fremy  was 
unsuccessful  in  his  attempts  to  procure  any  such  compound  with 
soda. 

The  sulphammonate  of  potash  is  easily  formed  by  mixing  a 
solution  of  sulphite  of  potash  with  one  of  nitrite  of  potash ;  the 
sulphammonate  is  deposited  in  beautiful  silky  needles. 


Compounds  of  Sulphur  with  Hydrogen. 

(355)  Hydrosulphuric  Acid  :  Sulphuretted  Hydrogen,  (HS) ; 
Equivalent,  17;  Combining  Volume,  2 ;  Specific  Gravity,  rigi2>. — 
With  hydrogen  sulphur  forms  an  important  compound,  commonly 
termed  sulphuretted  hydrogen,  but  which  as  it  possesses  feeble 
acid  properties,  may  be  more  fitly  termed  hydrosulphuric  acid. 
It  is  formed  in  small  quantities  when  sulphur  is  heated  in  hydro- 
gen gas,  but  it  is  always  prepared  for  use  by  decomposing  one  of 
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the  metallic  sulphides  with  an  acid.  For  ordinary  purposes,  about 
half  an  ounce  of  sulphide  of  iron  (FeS),  in  small  fragments,  is 
placed  in  a  bottle  and  is  decomposed  in  the  cold  by  an  ounce  of  sul- 
phuric acid  diluted  with  six  or  eight  times  its  bulk  of  water ;  gas 
is  immediately  formed  in  abundance  :  the  oxygen  of  the  water 
enters  into  combination  with  the  iron,  forming  oxide  of  iron, 
which  dissolves  in  the  acid,  while  the  hydrogen  takes  up  the  sul- 
phur and  escapes. 

FeS  +  HO,  SO3  =  HS  4-  FeO,  SO3. 
As  the  sulphide  of  iron  often  contains  a  portion  of  metallic 
iron  disseminated  through  it,  the  gas  is  commonly  contaminated 
with  free  hydrogen.      Fig.   265    shows   a   convenient   method   of 


Fig.  265. 


Fig.  266. 


mounting  an  apparatus  for  disengaging  a  continuous  current  of 
the  gas  from  sulphide  of  iron.  The  cork  through  which  the  tubes 
pass  is  not  fitted  at  once  into  the  bottle,  c  or  d,  but  is  made  to 
fit,  as  at  «,  into  a  piece  of  stout  glass  tube,  open  at  both  ends, 
such  as  is  shown  in  fig.  266 ;  this  tube  is  ground  so  as  to  close  the 
neck  of  the  bottle  air  tight,  like  an  ordinary  stopper.  The  appa- 
ratus, which  requires  to  be  frequently  dismounted  in  order  to  be 
charged  afresh,  may  thus  be  kept  in  a  serviceable  condition  without 
the  trouble  or  loss  of  time  consequent  on  the  frequent  renewal  of 
the  corks  which  would  be  needed  unless  this  expedient  were  adopted. 
The  various  small  tubes  are  connected  together  by  long  pieces  of 
vulcanized  caoutchouc  tubing.  When  the  gas  is  required  in  a  state 
of  purity,  i  part  of  powdered  sulphide  of  antimony  is  substituted 
for  the  sulphide  of  iron  :  in  this  case  it  is  necessary  to  employ  3 
or  4  parts  of  hydrochloric  acid  of  sp.  gr.  I'l,  and  to  apply  a  gentle 
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heat  to  the  mixture;  the  apparatus  may  then  he  arranged  as  in 
fig.  267.  In  either  case  the  gas  requires  to  he  washed  before  col- 
lecting it^  in  order  to  remove  any  particles  of  the  acid  or  of  the 

metal   which    may    have 
Fig.  267.  been  carried  over  with  it 

in  mechanical  suspension. 
As  the  compound  of  an- 
timony with  sulphur  is 
a  tersulphide  (SbSg)  i 
equivalent  of  it  requires 
3  equivalents  of  hydro- 
chloric acid  for  its  decom- 
position^ and  furnishes  i 
equivalent  of  terchloride 
of  antimony  and  3  equi- 
valents of  sulphuretted 
hydrogen,,  as  may  be  seen 
from  the  subjoined  equa- 
tion. 

SbSg  +  3  HCl  =  SbClg  +  3  HS. 

Properties. — Hydrosulphuric  acid  is  a  transparent  colourless 
gas,  of  a  disgusting  odour,  resembling  that  of  rotten  eggs.  Tt  is 
highly  poisonous  when  respired  in  a  concentrated  form,  and  even 
when  diluted  with  from  600  to  1200  times  its  bulk  of  air,  is 
rapidly  fatal  to  the  lower  animals.  It  is  inflammable,  and  burns 
with  a  pale  bluish  flame,  depositing  sulphur  if  the  supply  of  air  be 
insufficient  for  complete  combustion.  Its  density  a  little  exceeds 
that  of  atmospheric  air,  100  cubic  inches  weighing  rather  more 
than  38  grains. 

The  proportion  of  hydrogen  in  a  given  volume  of  the  gas  may 
be  ascertained  by  heating  some  granulated  tin  in  a  small  retort 
filled  with  sulphuretted  hydrogen  and  inverted  in  a  vessel  of  mer- 
cury :  the  sulphur  combines  with  the  tin,  whilst  the  hydrogen 
which  remains  occupies  when  cold  the  same  space  as  the  gas  before 
it  was  decomposed.  Potassium  cannot  be  employed  instead  of 
tin  in  this  case,  because,  though  it  decomposes  the  gas,  the  sulphide 
of  potassium  which  is  formed  enters  into  combination  with  another 
portion  of  the  gas  without  decomposing  it. 

Sulphurous  acid  and  sulphuretted  hydrogen  in  the  presence  of 
moisture,  mutually  decompose  each  other,  half  the  oxygen  of  the 
sulphurous  acid  uniting  with   the  hydrogen   of  the   sulphuretted 
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hydrogen,  water  and  pentatliionic  acid  being  formed,  whilst 
sulphur  is  deposited.  For  complete  decomposition,  2  volumes  of 
sulphuretted  hydrogen,  and  i  of  sulphurous  acid,  would  be  requisite. 
5  so,  +  5HS  =  5  S  +  5  HO  +  S.O^. 

Hydrosulphuric  acid  is  also  immediately  decomposed  by  chlorine, 
bromine,  and  iodine ;  sulphur  being  precipitated,  and  hydrochloric, 
hydrobromic,  or  hydriodic  acid  being  formed  by  the  hydrogen, 
which  combines  with  one  or  other  of  the  elements  above  mentioned. 

Under  a  pressure  of  about  seventeen  atmospheres,  sulphuretted 
hydrogen  is  reducible  to  a  colourless,  extremely  mobile  liquid, 
which  freezes  to  a  transparent  mass  at  a  temperature  of — 122°  F. 

Water  dissolves  between  two  and  three  times  its  bulk  of  sul- 
phuretted hydrogen,  producing  a  feebly  acid  liquid,  which  has  the 
smell  and  taste  of  the  gas.  When  exposed  to  the  air,  this  solu- 
tion becomes  milky;  the  hydrogen  is  slowly  oxidized,  forming 
water,  and  the  sulphur  separates.  If  the  oxidation  of  sulphu- 
retted hydrogen  take  place  in  a  moist  atmosphere,  a  little  sul- 
phuric acid  is  formed,  and  this  action  is  favoured  by  the  presence 
of  a  base  to  combine  with  the  newly  formed  acid. 

Sulphuretted  hydrogen  is  formed  naturally  under  a  variety  of 
circumstances.  Whenever  a  soluble  sulphate  remains  in  contact 
with  decaying  animal  or  vegetable  matter,  the  sulphate  loses 
oxygen,  which  combines  with  the  elements  of  the  decaying  sub- 
stance, whilst  sulphide  of  the  metal  remains.  Sulphate  of  lime,  for 
example,  by  the  abstraction  of  4  equivalents  of  oxygen,  becomes 
converted  into  sulphide  of  calcium.      Thus,  CaO,  SO3,  —  O4  =  CaS. 

In  this  way  it  is  formed  in  many  springs,  such  as  those  of 
Harrogate,  giving  to  them  their  peculiar  sulphureous  odour; 
and  in  a  somewhat  similar  manner,  sulphuretted  hydrogen  forms 
in  large  quantities  in  stagnant  sewers  and  cesspools. 

{^^6)  Hydrosulphates,  or  Sulphides.  —  Hydrosulphuric  acid 
though  a  feeble  acid,  combines  readily  with  bases :  for  example,  if 
the  gas  be  transmitted  into  a  solution  of  potash  or  solution  of 
ammonia,  it  is  rapidly  absorbed,  hydrosulphate  of  potash,  KO,  HS, 
or  hydrosulphate  of  ammonia  H3N,  HS,  being  formed.  Such 
solutions  are,  however,  generally  regarded  as  sulphides  of  the 
metals,  because  the  hydrogen  of  the  acid  is  exactly  equivalent  to 
the  oxygen  of  the  base,  and  is  capable,  as  in  the  analogous  case  of 
the  chlorides,  of  forming  water  and  a  metallic  sulphide  :  for  example  : 

Hydrosulphate  Sulphide  of       Water 

of  potash.  potassium.  * 

KO,  HS  may  be  regarded  as  KS   -f-  HO 
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Moreover^  the  action  of  sulphuretted  hydrogen  in  cases  in  which 
it  occasions  a  precipitate  in  the  solution  of  a  metallic  salt,  con- 
sists in  the  formation  of  an  insoluble  metallic  sulphide — when,  for 
instance,  sulphate  of  copper  in  solution  is  treated  with  sulphuretted 
hydrogen,  an  abundant  black  precipitate  of  sulphide  of  copper  is 
produced,  water  is  formed,  and  the  liquid  becomes  acid  from  the  libe- 
ration of  sulphuric  acid.    CuO,  SO3  +  HS,  become  HO,  SO3  +  CuS. 

Sulphui-etted  hydrogen  is  in  continual  requisition  in  the  labo- 
ratory as  a  test  for  the  discovery  of  metallic  bodies :  it  gives  with 
many  metallic  salts,  characteristic  precipitates ;  for  instance, 
with  the  compounds  of  lead  it  gives  a  black,  with  those  of  arsenic 
a  yellow,  and  with  those  of  antimony  an  orange  coloured  pre- 
cipitate. Many  metallic  solutions,  such  as  those  of  zinc,  iron, 
and  manganese,  when  acidulated  yield  no  precipitate  with  it,  and  it 
is  therefore  often  employed,  in  the  course  of  analysis,  to  separate 
these  metals  from  others,  which  are  thrown  down  by  it  in  the  form 
of  insoluble  sulphides.  For  this  purpose  a  current  of  the  gas  is 
transmitted  through  the  solution  on  which  it  is  designed  to  act. 
In  these  cases  it  is  always  necessary  to  purify  it  from  particles  held 
in  mechanical  suspension,  and  carried  over  by  the  effervescence  of 
the  materials  employed ;  it  is  therefore  first  allowed  to  bubble  up 
through  a  layer  of  water  in  a  Woulfe^s  bottle  interposed  between 
the  generator  and  the  liquid  to  be  submitted  to  its  action. 

When  the  affinity  between  a  metallic  oxide  and  an  acid  is  too 
great  to  be  overcome  by  the  action  of  hydrosulphuric  acid,  the 
sulphide  may  notwithstanding  be  obtained,  provided  that  an  alkali 
be  simultaneously  presented  to  the  acid  of  the  metallic  salt;  this 
may  easily  be  effected  by  mixing  a  soluble  sulphide  with  the  salt  to 
be  decomposed.  Thus  if  sulphate  of  iron  (FeO,  SO3)  be  exposed  to 
a  current  of  sulphuretted  hydrogen  it  will  experience  no  change,  but 
if  mixed  with  a  solution  of  sulphide  of  potassium,  a  black  precipitate 
of  sulphide  of  iron  (FeS)  is  immediately  produced,  while  sulphate  of 
potash  is  formed  in  the  solution  :  FeO,  SO3  +  KS  =  KO,  SO3  +  FeS. 
The  sulphides  thus  formed  are  very  commonly  hydrated  compounds  : 
when  exposed  to  the  air  in  their  moist  condition,  many  of  them  absorb 
oxygen  rapidly,  some  being  converted,  like  sulphide  of  nickel,  into 
sulphate;  NiS  +  40  give  NiO,  SO3 :  whilst  others  are  simply  con- 
verted, like  sulphide  of  iron,  into  free  sulphur  and  the  metallic 
oxide;   2  FeS +  3  O^FcgOg  +  a  S. 

Hydrosulphuric  acid  has  a  strong  disposition  to  combine  with 
the  soluble  sulphides.  It  forms  definite  compounds  with  them ; 
thus  sulphide  of  potassium  combines  with  an   equivalent  of  sul- 
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phuretted  hydrogen,  forming  the  compound  (KS,  HS),  and  sulphide 
of  ammonium  acts  in  a  similar  way,  producing  the  ordinary  test 
(H^NS,  HS)  which  is  used  in  the  laboratory  under  the  incorrect 
name  of  hydrosulphate  of  ammonia.  These  compounds  have  a 
strong  odour  of  sulphuretted  hydrogen,  and  when  decomposed  by 
a  metallic  salt,  the  hydrosulphuric  acid  is  set  at  liberty : 

Thus,  H4NS,  HS  +  MnO,  S03=H4NO,  SOg  +  MnS  +  HS. 

Many  of  the  hydrosulphates  and  sulphides  are  easily  detected  by 
the  smell  of  sulphuretted  hydrogen  which  they  evolve  when 
moistened  with  hydrochloric  acid.  A  very  minute  trace  of  the  gas 
may  be  detected  by  placing  a  piece  of  paper  moistened  with  acetate 
of  lead  in  the  upper  part  of  the  tube  or  vessel  in  which  the  sus- 
pected sulphide  has  been  mixed  with  acid,  and  closing  the  vessel ; 
after  the  lapse  of  a  few  minutes,  a  brown  or  black  tinge  occurs, 
owing  to  the  formation  of  sulphide  of  lead,  if  sulphuretted  hydrogen 
be  evolved.  When  heated  before  the  blowpipe,  the  sulphides  emit 
the  odour  of  sulphurous  acid. 

(357)  Persulphide  of  Hydrogen,  (HS5?) — In  order  to 
procure  this  compound  it  is  usual  to  prepare  first  a  persulphide  of 
calcium  (CaSg),  which  may  be  formed  by  boiling  equal  weights 
of  slacked  lime  and  powdered  sulphur  in  water ;  the  persulphide  of 
calcium  dissolves  mixed  with  a  corresponding  amount  of  hypo- 
sulphite of  lime,  3  CaO  +  128  =  CaO,  Sfi^  +  2,  CaSg :  the  un- 
dissolved sulphur  is  separated  by  filtration.  On  allowing  the  deep 
yellow  liquid  to  fall  into  hydrochloric  acid  diluted  with  2  parts  of 
water,  and  gently  warmed,  persulphide  of  hydrogen  separates  as 
an  oily  liquid  of  sp.  gr.  1*769,  having  a  smell  and  taste  resembling 
hydrosulphuric  acid  :  it  burns  with  a  blue  flame.  In  many  of  its 
properties  it  presents  a  striking  analogy  with  deutoxide  of  hydro- 
gen; it  possesses  bleaching  powers,  is  very  prone  to  spontaneous 
decomposition  into  sulphur  and  sulphuretted  hydrogen,  it  is 
rendered  more  stable  by  the  presence  of  acids,  and  is  immediately 
decomposed  by  alkalies.  The  latter  circumstance  renders  it  neces- 
sary in  preparing  this  compound  always  to  add  the  sulphide  of 
calcium  to  the  acid — not  the  acid  to  the  sulphide,  which  would 
be  attended  with  an  escape  of  hydrosulphuric  acid  and  a  precipita- 
tion of  finely  divided  sulphnr.  The  sulphur  which  is  precipitated  in 
this  manner  from  an  alkaline  persulphide,  was  formerly  employed 
in  medicine  under  the  term  of  lac  sulphuris. 

Oxides  of  manganese  and  of  silver  decompose  persulphide  of 
hydrogen  by  mere  contact  with  the  liquid,  producing  a  violent 
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effervescence^  attended  with  disengagement  of  sulphuretted  hydro- 
gen. Persulphide  of  hydrogen  dissolves  sulphur  freely^  and  hence 
its  exact  composition  is  not  certainly  known^  since  a  portion  of 
sulphur  derived  from  the  hyposulphite  of  lime  formed  in  preparing 
the  sulphide  of  calcium,  always  precipitates  along  with  the  per- 
sulphide, and  dissolves  in  the  liquid  obtained. 

(358)  Bisulphide  of  Carbon  :  Sulphocarbonic  Acid,  (CSg), 
Equivalent,  38. — Only  one  compound  of  sulphur  with  carbon  has 
as  yet  been  obtained.  It  may  be  prepared  by  heating  fragments 
of  charcoal  to  bright  redness  in  an  earthen  retort,  furnished  with 
a  tubulure  into  which  is  luted  a  porcelain  tube,  which  passes 
nearly  to  the  bottom  of  the  retort :  the  tube  is  provided  at  its 
upper  extremity  with  a  sound  cork.  From  time  to  time  this  cork 
is  withdrawn,  and  a  fragment  of  sulphur  is  dropped  into  the  retort ; 
the  cork  is  then  immediately  replaced,  the  sulphur  melts,  and  is 
converted  into  vapour;  at  this  elevated  temperature  the  carbon 
combines  with  it,  and  the  bisulphide  thus  obtained  may  be  con- 
densed in  vessels  cooled  by  ice.  It  is  yellow  when  first  formed, 
and  contains  an  excess  of  sulphur ;  but  by  redistillation  it  may  be 
obtained  in  a  state  of  purity.  It  is  a  colourless  liquid  of  high 
refracting  power,  of  an  acrid,  pungent  taste,  and  a  foetid,  peculiar, 
sulphurous  odour.  It  is  heavier  than  water,  in  which  it  is  insoluble, 
having  a  specific  gravity  of  1-272  at  60°  F.  In  ether  and  alcohol 
it  is  freely  soluble.  It  is  exceedingly  volatile,  boils  at  1 1 8^*5,  and 
emits  a  vapour  of  a  density  of  2*6447  (Gay  Lussac),  of  which  the 
combining  volume  is  2  :  2  equivalents  of  sulphur,  and  i  equivalent 
of  carbon  vapour  being  condensed  into  the  space  occupied  by  2  equi- 
valents of  oxygen.  Bisulphide  of  carbon  has  never  hitherto  been 
frozen;  hence  it  has  been  employed  sometimes  in  the  construction 
of  thermometers  destined  to  measure  very  intense  degrees  of  cold. 

Bisulphide  of  carbon  is  highly  inflammable,  and  burns  with  a 
blue  flame  producing  sulphurous  and  carbonic  acid  gases.  It  dis- 
solves sulphur  freely,  and,  by  spontaneous  evaporation,  leaves  it  in 
rhombic  octohedra.  Phosphorus  is  also  freely  dissolved  by  it,  and 
may  be  obtained  in  crystals  by  slow  evaporation.  Iodine,  bromine, 
and  chlorine  are  likewise  readily  dissolved  by  the  bisulphide  of 
carbon.  Berzelius  considers  bisulphide  of  carbon  as  a  sulphur- 
acid  :  it  corresponds  to  carbonic  acid,  and  contains  2  equivalents 
of  sulphur  in  the  place  of  2  equivalents  of  oxygen :  it  combines 
with  the  sulphides  of  the  alkaline  metals,  forming  a  species  of  salts 
which  are  called  sulphocarbonates. 

(359)  Bichloride  of  Sulphur,  (SgCl) ;  Equivalent,  6y'^. — 
Chlorine  and  sulphur  form  two  compounds  with  each  other;  they 
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combine  gradually  at  common  temperatures,  but  if  heated  together 
the  union  is  rapid.  In  preparing  the  dichloride  of  sulphur,  a 
current  of  dry  chlorine  is  usually  directed  towards  the  bottom  of  a 
retort  containing  melted  sulphur;  the  resulting  chloride  must  be 
collected  in  a  perfectly  dry  receiver,  kept  cool :  it  may  be  purified 
from  excess  of  chlorine  by  redistillation  from  floAvers  of  sulphur:  a 
yellow  volatile  liquid,  of  penetrating,  peculiar,  and  disagreeable 
odour,  is  thus  formed.  It  emits  fumes  on  exposure  to  the  air, 
owing  to  its  action  on  the  atmospheric  moisture.  When  dropped 
into  water,  it  falls  to  the  bottom,  and  is  slowly  decomposed 
into  hydrochloric  and  sulphurous  acids  and  free  sulphur.  It 
has  a  specific  gravity  of  i'628,  and  boils  at  280°  F.,  emitting  a 
vapour  of  specific  gravity  4*70  (Dumas).  It  acts  powerfully  on  mer- 
cury when  brought  into  contact  with  it,  and  dissolves  sulphur  freely. 

A  Chloride  of  Sulphur  (SCI),  Equivalent,  51 '5;  may  be 
formed  by  saturating  the  preceding  compound  with  chlorine ;  it  is  a 
deep  red  liquid,  of  specific  gravity  1*625;  it  fumes  strongly  in  the  air, 
and  is  decomposed  into  dichloride  of  sulphur  and  free  chlorine  in 
the  direct  rays  of  the  sun.      It  is  partially  decomposed  by  boiling  it. 

The  bromides  of  sulphur  are  liquids  analogous  to  the  chlorides. 
The  iodide  is  a  crystalline,  brittle,  steel-grey  solid. 

(360)  Bisulphide  of  Nitrogen  (SgN),  Equivalent,  46  ;  (Fordos 
and  Gelis,  Ann.  de  Chimie,  III.,  xxxii.  389).  This  compound  is 
obtained  when  chloride  of  sulphur  is  dissolved  in  ten  or  twelve 
times  its  bulk  of  bisulphide  of  carbon,  and  decomposed  by  a  current 
of  dry  ammoniacal  gas.  The  gas  is  transmitted  till  the  brown 
colour  of  the  precipitate  which  is  formed,  disappears ;  the  yellow 
liquid  is  filtered  from  the  muriate  of  ammonia,  and  left  to  spon- 
taneous evaporation ;  beautiful  golden  yellow  rhombic  crystals  of 
sulphide  of  nitrogen  speedily  form.  The  reaction  which  attends  its 
formation  is  very  complicated,  and  has  not  been  completely  ascer- 
tained. Sulphide  of  nitrogen  detonates  powerfully  by  percussion, 
and  explodes  when  heated  to  314°  F.  It  has  a  faint  smell,  adheres 
strongly  to  paper  if  rubbed  on  it,  and  irritates  the  mucous  mem- 
brane of  the  eyes  and  nose  most  painfully.  Bisulphide  of  carbon 
dissolves  it  pretty  readily;  alcohol,  ether,  and  oil  of  turpentine, 
very  sparingly ;  water  does  not  dissolve  it_,  but  slowly  decomposes 
the  compound. 

Sulphur  occurs  also  in  a  few  compounds  of  organic  origin : 
it  enters  into  the  composition  of  many  foetid  volatile  oils,  and 
forms  a  necessary  ingredient  in  the  muscular  tissue,  and  several 
other  important  structures  of  the  animal  economy. 
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§  II.     Selenium. 

Symbol,  Se ;  Equivalent,  39*62  ;  Specific  Gravity  in  the  Solid 

State,  4' 8. 

(361)  Selenium  is  a  rare  elementary  body^  discovered  by  Berze- 
lius  in  the  refuse  of  a  sulphuric  acid  manufactory,  near  Fahlun.  It 
derives  its  chief  interest  from  the  remarkable  analogy  to  sulphur 
which  it  presents.  Selenium  always  occurs  in  combination,  but 
it  is  found  only  in  small  quantities,  and  usually  in  the  form  of 
selenide  of  iron,  of  copper,  or  of  silver. 

The  Fahlun  selenium  residue  is  mixed  with  nitrate  and  carbonate 
of  potash,  and  deflagrated ;  that  is  to  say,  it  is  thrown  in  small 
quantities  at  a  time  into  a  red-hot  crucible,  in  which  it  burns  vividly. 
The  selenium  and  other  bodies  with  which  it  is  associated  are 
oxidized  at  the  expense  of  the  oxygen  of  the  nitre.  Selenic  acid 
is  formed,  and  by  uniting  with  the  disengaged  potash  of  the  nitre, 
a  seleniate  of  potash  is  produced.  The  mass  is  digested  in  water, 
acidulated  with  hydrochloric  acid,  and  evaporated  down  to  a  small 
bulk.  The  selenic  acid  is  thus  reduced  to  selenious  acid  {^6^),  and 
the  selenious  acid,  when  treated  with  a  current  of  sulphurous  acid, 
yields  a  precipitate  of  reduced  selenium  as  a  red,  flocculent,  amor- 
phous powder  (^62). 

When  collected  and  dried,  the  pulverulent  selenium  begins  to 
soften  at  a  temperature  below  that  of  boiling  water ;  and  at  a  few 
degrees  above  2 1 2°,  it  melts ;  on  cooling,  it  forms  a  brittle  solid, 
with  glassy  fracture,  metallic  lustre,  and  deep-brown  colour  :  in 
specific  gravity  it  varies  from  4*3  to  4-8.  It  has  neither  taste  nor 
smell ;  it  is  insoluble  in  water,  and  is  a  non-conductor  of  heat  and 
electricity.  When  melted  it  is  ductile,  and  may  be  drawn  out  into 
fine  threads ;  but  it  is  not  easily  obtained  in  crystals.  Selenium 
may  however  be  obtained  both  in  an  amorphous  and  a  crystalline 
condition.  According  to  Hittorf  (Pogg.  Ann.  Ixxxiv.,  214),  the 
fusing  point  of  the  crystalline  variety  is  420°  F.,  and  in  passing  from 
the  amorphous  to  the  crystalline  form,  a  considerable  evolution  of 
heat  occurs.  When  heated  in  the  air,  it  does  not  readily  take 
fire ;  it  burns  with  a  blue  flame,  but  part  volatilizes  in  red  fumes, 
emitting  an  odour  resembling  that  of  bisulphide  of  carbon.  This 
is  due  to  the  formation  of  a  protoxide  of  selenium,  which 
however  is  not  acid.  If  heated  in  close  vessels,  selenium  boils  below 
redness,  and  gives  off  a  deep  yellow  vapour,  which  condenses  in  red 
flowers,   or   opaque  metallic-looldng  drops.      Oxygen  forms  with 
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selenium  two  acids ;  the  first  corresponding  with  sulphurous,  and 
the  second  with  sulphuric  acid. 

(362)  Selenious  Acid,  (SeOa),  Equivalent,  ^^'6,  may  be  ob- 
tained by  burning  selenium  in  a  current  of  oxygen,  but  it  is  usually 
prepared  by  boiling  selenium  with  nitric  acid  or  with  aqua  regia. 
The  selenium  is  gradually  oxidized,  and  dissolves  ;  the  excess  of 
nitric  acid  may  be  expelled  by  heat,  leaving  the  selenious  acid  as 
a  white  mass,  which  does  not  melt  on  further  urging  the  heat,  but 
sublimes  below  redness,  forming  a  yellow  vapour,  and  condensing 
again  in  beautiful  snow-white,  prismatic,  anhydrous  needles.  The 
crystals  are  deliquescent,  and  in  solution  form  a  strong  acid  liquid, 
with  a  sour  burning  taste.  Selenious  acid  is  speedily  deoxidized 
by  iron  or  by  zinc,  which,  when  digested  in  the  acid,  occasions  the 
deposition  of  tlie  selenium  in  the  form  of  a  reddish-brown  powder. 

Selenites. — Most  of  the  selenites,  except  those  of  the  alkalies, 
are  insoluble  in  water,  but  soluble  in  nitric  acid.  With  the  alkalies 
three  classes  of  salts  are  formed :  neutral  selenites,  which  contain 
I  equivalent  of  acid  to  i  of  base ;  biselenites,  with  2  equivalents  of 
acid  to  I  of  base ;  and  quadriselenites,  with  4  equivalents  of  acid  to 
I  of  base.  The  selenites  are  easily  recognised  when  heated  on  char- 
coal before  the  blowpipe  in  the  reducing  flame,  by  the  peculiar 
odour  of  selenium  which  they  emit ;  the  selenites  in  solution,  when 
treated  with  sulphurous  acid,  give  a  reddish-brown  precipitate  of 
reduced  selenium ;  SeOg  +  2  SO2  =  Se  +  2  SO3. 

{3^3)  Sele NIC  Acid,  (SeOa),  Equivalent,  6^-6,  is  best  obtained 
by  deflagrating  selenium  or  any  selenite  with  nitre.  The  residue  is 
dissolved  in  water,  and  mixed  with  solution  of  nitrate  of  lead ;  an 
insoluble  seleniate  of  lead  precipitates,  which,  if  suspended  in  water, 
may  be  decomposed  by  a  current  of  sulphuretted  hydrogen.  Sul- 
phide of  lead  is  thus  formed,  and  selenic  acid  is  set  at  liberty : 
PbO,  Se03-hHS=:PbS  +  H0,  SeOg.  The  acid  may  be  separated 
by  filtration,  and  concentrated  by  evaporation  till  it  has  a  specific 
gravity  of  2'6 ;  if  heated  beyond  550°  it  is  decomposed  into  selenious 
acid  and  oxygen.  Sulphurous  acid  is  without  effect  upon  selenic 
acid,  but  hydrochloric  acid  decomposes  it  when  heated  with 
it,  chlorine  and  selenious  acid  being  liberated.  In  its  properties  it 
closely  resembles  sulphuric  acid,  and  its  salts  are  isomorphous  with 
the  sulphates  of  the  same  bases. 

Seleniates. — Solutions  of  the  seleniates  give  white  precipitates 
with  salts  of  baryta,  strontia,  and  lead,  owing  to  the  formation  of 
insoluble  seleniates  of  these  bases.  These  precipitates  are  insoluble 
in  dilute  nitric  acid.    When  the  soluble  seleniates  are  boiled  with 
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hydrocliloric  acid^  selenic  acid  is  liberated_,  and  is  reduced  to  the 
form  of  selenious  acid ;  SeOg  +  HC1=  SeOg  +  HO  +  CI :  sulphurous 
acid  will  then  precipitate  reduced  selenium  from  the  solution.  On 
charcoal  before  the  blowpipe  in  the  reducing-flamCj  the  seleniates 
emit  the  characteristic  odour  of  selenium. 

(364)  Seleniuretted  Hydrogen — Hydroselenic  Acid,  (HSe); 
Equivalent,  40*6;  Specific  Gravity,  2*795  (Bineau). — This  sub- 
stance is  a  colourless  gas^  which  resembles  hydrosulphuric  acid,  but 
its  odour  is  more  offensive.  Berzelius  found  that  the  inhalation  of 
a  bubble  of  the  gas  no  larger  than  a  pea  deprived  him  of  the  sense 
of  smell  for  several  hours.  It  is  soluble  in  water,  and  precipitates 
many  metals  from  their  salts  in  the  form  of  selenides.  Its  solution, 
if  exposed  to  the  air,  absorbs  oxygen  and  deposits  selenium.  Sele- 
niuretted hydrogen  is  obtained  by  acting  on  selenide  of  potassium 
or  of  iron,  with  dilute  hydrochloric  or  sulphuric  acid. 

§  III.     Phosphorus. 

Symbol,  P ;  Equivalent,  32  ;   Combining  Volume  of  Vapour,  i  ; 
Specific  Gravity  of  Vapour,  4" 355. 

{'^6^)  Phosphorus  is  never  met  with  in  nature  in  the  uncom- 
bined  state,  but  it  occurs  in  small  quantity  as  phosphate  of  lime, 
as  a  constituent  of  the  primitive  and  volcanic  rocks,  by  the  gradual 
decay  of  which  it  passes  into  the  soil;  from  the  soil  it  is  ex- 
tracted by  plants,  which  accumulate  it,  particularly  in  their  seeds, 
in  quantity  sufficient  for  the  support  of  the  various  tribes  of  animals 
w^hich  they  supply  with  food.  In  the  animal  system  it  is  collected 
in  large  quantity,  and,  when  combined  with  oxygen  and  lime,  as 
phosphate  of  lime,  it  forms  the  principal  earthy  constituent  of  the 
bones  of  the  vertebrata.  Phosphorus  also  appears  to  be  essential 
to  the  exercise  of  the  higher  functions  of  the  animal,  since  it  exists 
as  a  never-failing  ingredient  in  the  substance  of  which  the  brain 
and  nerves  are  composed. 

Preparation. — Phosphorus  was  originally  extracted  from  the 
salts  contained  in  urine,  but  it  is  now  obtained  almost  exclusively 
from  the  bones  of  animals.  In  order  to  prepare  it,  bones  are  burned 
to  whiteness  by  calcining  them  in  an  open  fire  for  some  hours; 
they  are  then  reduced  to  powder ;  3  parts  of  this  bone-ash  are  mixed 
with  2  of  concentrated  sulphuric  acid,  and  1 8  or  20  parts  of  water. 
The  mixture  is  allowed  to  stand  for  two  or  three  days,  after  which 
it  is  placed  upon  a  strong  linen  filter,  and  the  acid  liquid  is  sepa- 
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rated  from  tlie  sulphate  of  lime  by  pressure ;  the  residue  is  further 
washed  with  water,  and  the  washings  are  added  to  the  filtered  solu- 
tion. In  this  process  the  sulphuric  acid  is  added  in  such  quantity  as 
partially  to  decompose  the  phosphate  of  lime ;  two-thirds  of  the  lime 
are  removed  by  it  in  the  form  of  an  insoluble  sulphate  of  lime,  the 
remaining  third  being  left  in  combination  with  the  whole  of  the 
phosphoric  acid,  with  which  it  forms  a  compound  readily  soluble 
in  water,  frequently  described  as  superphosphate  of  lime  (CaO,  PO5). 
The  reaction  may  be  thus  expressed  in  symbols : — 


Bone  ash. 


Sulph.  a«id. 


Superphosph.  lime. 


SiUph.  lime. 


3  CaO,  PO5  +  2  (HO,  803)  =  2  HO,  CaO,  PO5  +  2  (CaO,  SO3.) 

This  acid  solution  is  evaporated  to  a  syrup,  then  mixed  with  one- 
fourth  of  its  weight  of  charcoal,  and  heated  to  incipient  redness  in 
an  iron  pot,  stirring  con- 
stantly. The  mass,  when  dry.  Fig.  268. 
is  transferred  to  an  earthen 
retort,  a,  fig.  268,  which  is 
covered  externally  with  a 
thin  paste,  consisting  of  a 
mixture  of  equal  parts  of 
borax  and  fire  clay,  to  render 
the  retort  less  porous.  It 
is  then  exposed  to  a  heat 
which  is  slowly  raised  to  a 
full  red.  Phosphorus  gra- 
dually rises  in  vapour,  and 
is  conveyed  by  means  of  a 
wide  copper  tube,  bent  as  at 
b,  so  as  to  dip  into  water  con- 
tained in  a  vessel  which  is 

provided  with  a  smaller  tube,  open  at  both  ends,  for  conveying  the 
uncondensed  gases  into  a  chimney.  The  phosphorus  condenses  in 
yellow  drops.  It  is  found  necessary  to  convert  the  phosphate  into 
superphosphate  of  lime,  since  the  bone-ash,  when  heated  with  char- 
coal, does  not  part  with  its  phosphorus.  The  superphosphate  of 
lime  in  contact  with  charcoal  is  decomposed ;  the  lime  retains  suf- 
ficient phosphoric  acid  to  reconstitute  bone  earth,  which  remains 
unchanged  in  the  retort,  while  the  excess  of  acid  and  the  water 
which  the  mass  always  retains  are  decomposed  by  the  charcoal ; 
hydrogen,  carbonic  oxide,  and  phosphorus,  are  the  results. 
Gaseous    matters    escape,    therefore,    during    the    whole    opera- 
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tion:  3  (3  HO,  CaO,  PO5)  =  3  CaO,  PO5  +  6  HO  +  2  PO5;  and 
2  PO5  +  6  HO  +  16  C  =  2  P  +  6  H  +  16  CO. 

To  render  the  phosphorus  perfectly  pure,  it  is  fused  under 
warm  water,  squeezed  through  wash  leather;  again  melted,  first 
under  ammonia,  and  then  under  a  solution  of  bichromate  of  potash 
in  dilute  sulphuric  acid.  The  easy  fusibility  of  phosphorus  enables 
it  to  be  moulded  into  sticks  with  facility;  it  is  melted  under 
water  and  forced  into  tubes,  in  which  it  is  allowed  to  solidify. 

Properties. — Phosphorus  is  a  soft,  semi-transparent,  colourless, 
waxy-looking  solid,  which  fumes  in  the  air,  emitting  white  vapours 
of  an  alliaceous  odour ;  when  taken  internally  it  acts  as  an  irritant 
poison.  It  has  a  specific  gravity  of  1*83  at  50°  F.  (Schrotter).  It  fuses 
at  II  i°'5,  and  if  melted  under  an  alkaline  liquid  and  allowed  to  cool 
undisturbed,  it  will  long  continue  fluid  at  ordinary  temperatures, 
but  when  touched  with  a  wire  or  a  glass  rod  it  solidifies  suddenly. 
It  is  exceedingly  inflammable,  taking  fire  in  the  open  air  at  a  tem- 
perature very  little  above  its  fusing  point.  If  it  contain  impurities, 
such  as  oxide  of  phosphorus,  it  takes  fire  still  more  easily.  Great 
caution  is  therefore  required  in  handling  it ;  it  is  better  always  to  cut 
it  under  water.  The  burns  occasioned  by  melted  phosphorus  are 
deep  and  often  extremely  severe,  from  the  difficulty  of  extinguish- 
ing the  flame. 

Phosphorus  burns  with  a  brilliant  white  flame,  and  emits  dense 
white  fumes  of  phosphoric  acid.  In  close  vessels  it  boils  at  about 
550°,  giving  off"  a  colourless  gas,  of  which  100  cubic  inches  weigh 
about  135  grains.  Phosphorus  is  insoluble  in  water;  it  is  slightly 
soluble  in  ether,  but  more  so  in  naphtha.  It  is  freely  dissolved  by 
dichloride  of  sulphur,  and  by  the  bisulphide  of  carbon  ;  by  allowing 
its  solution  in  either  liquid  to  evaporate  slowly  in  a  current  of 
hydrogen  or  carbonic  acid,  the  phosphorus  may  be  obtained  crys- 
tallized in  rhombic  dodecahedra. 

Phosphorus  is  always  preserved  under  water,  as  when  exposed 
to  the  air,  it  at  all  temperatures  above  32°  gradually  combines  with 
oxygen,  and  undergoes  a  slow  combustion;  under  these  circum- 
stances in  a  darkened  room  it  emits  a  pale  greenish  light,  (hence 
its  name, '  light-bearer,^)  attended  with  the  production  of  the  white 
fumes  and  the  garlic  odour  already  mentioned.  The  luminosity 
of  phosphorus  is  prevented  by  the  admixture  of  certain  inflammable 
vapours  and  gases  in  minute  quantity  with  the  atmosphere ;  if  air 
be  mixed  with  either  4I  orth  of  its  bulk  of  olefiant  gas,  ysVoth  of 
naphtha,  or  4  4¥¥th  of  oil  of  turpentine,  a  stick  of  phosphorus  no 
longer  appears  luminous  when  exposed  to  its  action  (Graham). 
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It  is  remarkable  that  in  pure  oxygen  tlie  luminosity  is  not 
observed  until  the  temperature  rises  to  60°,  unless  the  gas  be 
rarefied,  or  be  diluted  with  some  other  gas. 

Berzeliiis  states  that  phosphorus  may  become  luminous  at 
ordinary  temperatures  without  undergoing  oxidation,  but  simply 
from  its  volatilization,  and  that  the  emission  of  light  occurs  in 
hydrogen,  nitrogen,  and  even  in  the  vacuum  of  the  barometer ;  but 
Schrotter  has  shown,  by  careful  and  conclusive  experiments,  that  in 
all  cases  where  light  appears  to  be  emitted  during  this  volatilization, 
it  is  due  to  the  presence  of  traces  of  oxygen  (Chem,  Gaz.  xi.  312.) 

{'^66)  Different  forms  of  PhospJiorus.  —  Phosphorus  assumes 
several  different  forms  under  the  influence  of  causes  apparently 
trifling.  The  transparent  variety  has  been  already  mentioned ;  this, 
when  kept  exposed  to  light  under  water,  forms  a  second  variety, 
which  is  white  and  opaque,  and  somewhat  less  fusible.  A  third 
form  is  obtained  by  suddenly  cooling  melted  phosphorus ;  it  is  per- 
fectly black  and  opaque ;  whilst  a  fourth  modification,  analogous 
to  viscous  sulphur,  may  be  obtained  by  heating  very  pure  phos- 
phorus to  near  its  boiling  point  and  suddenly  cooling  it.  A  fifth 
form  occurs  in  the  shape  of  red  scales,  which  are  obtained  by  the 
spontaneous  sublimation  of  phosphorus  in  the  Torricellian  vacuum 
when  exposed  to  the  rays  of  the  sun. 

This  red  amorphous  form  of  phosphorus  has  been  carefully 
studied  by  Schrotter  [Ann.  de  Chimie,  III.  xxiv.  406) ;  in  many 
of  its  properties  it  differs  remarkably  from  the  waxy-looking  stick 
phosphorus.  It  may  be  exposed  to  the  air  without  undergoing  alter- 
ation or  emitting  any  odour.  It  is  not  soluble  in  either  bisulphide  of 
carbon,  terchloride  of  phosphorus,  or  naphtha.  The  density  of  amor- 
phous phosphorus  exceeds  that  of  the  vitreous  form,  the  red  powder, 
according  to  Brodie,  having  a  specific  gravity  of  2*  14.  It  may  be 
heated  in  the  open  air  without  change  till  the  temperature  reaches 
500°  F. ;  at  this  point  it  melts  and  bursts  into  flame,  and  burns 
with  the  dazzling  brilliancy  of  common  phosphorus,  emitting  dense 
fumes  of  phosphoric  acid.  If  the  operation  be  performed  in  a  tube 
from  which  air  is  excluded,  the  red  powder  is  found  to  be  recon- 
verted into  ordinary  phosphorus.  Chlorine  acts  directly  upon  red 
phosphorus  without  the  application  of  heat :  the  temperature  rises, 
but  the  phosphorus  does  not  take  fire.  When  rubbed  with 
cldorate  of  potash  it  detonates,  very  slight  friction  being  sufficient 
to  produce  the  action  :  peroxide  of  manganese  and  peroxide  of  lead 
act  in  a  similar  way,  but  less  readily.  Schrotter  has  attempted, 
though   as    yet    with    imperfect    success,   to   apply  this  form  of 
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pliosphorus  to  the  preparation  of  lucifer  matches.  Immense 
quantities  of  phosphorus  are  consumed  in  this  manufacture.  In 
the  usual  mode  of  preparing  these  matches^  the  ends  of  the  pieces 
of  wood  are  first  gummed  and  dusted  over  with  sulphur,  and  then 
tipped  with  a  mixture,  in  which  the  chief  ingredients  are  an  emulsion 
of  phosphorus  in  glue,  and  chlorate  of  potash,  or  oxide  of  manganese. 
The  manufacture  is  one  attended  with  danger,  from  the  highly  in- 
flammable and  explosive  nature  of  the  ingredients  used;  but  in 
addition  to  this  risk,  those  employed  in  the  business  are  liable  to  a 
distressing  form  of  caries  of  the  lower  jaw,  arising  from  the  action 
of  the  fumes  of  phosphorus  upon  those  who  inhale  them.  Of  these 
evils,  the  first  would  be  greatly  lessened,  and  the  second  altogether 
avoided  by  the  use  of  the  amorphous  phosphorus  of  M.  Schrotter. 

This  variety  of  phosphorus  may  be  obtained  by  placing  a 
quantity  of  dried  common  phosphorus  in  the  bulb  of  a  flask,  a, 
fig.  269,  to  the  neck  of  which  a  long  narrow  tube,  b,  bent   down- 


FiG.  269. 


ward,  is  attaclied ;  the  open  end  of  this  tube  dips  into  a  little  mer- 
cury ;  the  air  in  the  flask  is  displaced  by  means  of  a  current  of 
carbonic  acid,  which  is  supplied  from  the  bottle,  e,  and  dried  by 
passing  through  the  tube,  r,  filled  with  chloride  of  calcium;  the 
tube  is  then  sealed  at  the  narrow  portion,  a,  and  the  apparatus 
which  supplied  the  carbonic  acid  is  removed.  Heat  is  next 
applied  to  the  flask  by  means  of  an  oil  bath,  c:  the  phosphorus 
melts   readily,  but  by  regulating  the  heat  steadily  between  450° 
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and  4.60°,  by  means  of  the  thermometer,  t,  and  maintaining  it  for 
thirty  or  forty  hours,  ahnost  all  the  phosphorus  will  become  con- 
verted into  the  solid  amorphous  variety.  When  the  change 
appears  to  be  complete,  the  apparatus  is  allowed  to  cool ;  bisulphide 
of  carbon  is  then  poured  upon  the  mass  in  the  flask,  and  digested 
on  it  for  some  hours ;  this  is  poured  off,  and  fresh  bisulphide  added, 
the  digestion  being  repeated  as  long  as  any  phosphorus  dissolves ; 
this  may  be  known  by  allowing  a  few  drops  of  the  decanted 
liquid  to  evaporate  spontaneously  in  a  watch  glass ;  any  dissolved 
phosphorus  will  be  left  behind. 

The  red  powder  thus  obtained,  if  not  quite  free  from  unaltered 
phosphorus,  takes  fire  spontaneously;  but  if  quite  pure,  it  suffers 
no  change  by  exposure  to  the  air.  The  higher  the  temperature  at 
which  the  transformation  is  effected  the  deeper  is  the  colour,  which 
in  the  finest  specimens  rivals  that  of  vermilion.  By  heating  the 
phosphorus  more  strongly  during  its  preparation,  the  change  may 
be  produced  much  more  rapidly,  but  the  phosphorus  then  assumes 
the  form  of  coherent  flakes,  which  are  more  difficult  to  purify  and 
to  detach  from  the  vessel  in  which  they  are  prepared.  This  form 
of  phosphorus  has  been  manufactured  at  Birmingham,  by  Messrs. 
Sturge,  on  a  considerable  scale.  The  process,  however,  requires 
much  care,  and  is  not  unattended  with  danger,  as  if  the  red  powder 
be  heated  up  to  the  point  at  which  its  re-conversion  into  the 
transparent  variety  takes  place,  the  whole  mass  suddenly  passes 
back  into  the  ordinary  form,  with  a  copious  evolution  of  heat,  fol- 
lowed by  the  sudden  formation  of  a  large  volume  of  the  vapour  of 
phosphorus.  The  amorphous  phosphorus,  therefore,  appears  to  con- 
tain a  large  amount  of  heat  in  the  latent  condition,  which  is 
liberated  as  it  passes  back  into  the  vitreous  state.  The  changes 
produced  by  heat  in  phosphorus  may  be  readily  watched  by  placing 
a  few  fragments  of  well  dried  phosphorus  in  a  tube,  upon  which 
two  or  three  bulbs  have  been  blown,  then  expelling  the  air  by  a 
current  of  carbonic  acid,  and  sealing  one  end  of  the  tube ;  the  open 
end  being  made  to  dip  into  mercury.  On  applying  heat  to  the  phos- 
phorus it  becomes  red,  but  on  continuing  to  raise  the  temperature 
it  distils  over  in  perfectly  colourless  transparent  drops,  which 
frequently  remain  liquid  for  some  hours,  though  they  ultimately 
solidify  to  a  transparent,  colourless  mass. 

Owing  to  its  strong  affinity  for  oxygen,  phosphorus  reduces 
some  of  the  oxidized  compounds  of  the  metals  to  the  metallic 
state :  a  stick  of  phosphorus  placed  in  a  solution  of  chloride  of 
gold  or  of  nitrate  of  silver  becomes  speedily  incased  in  reduced 
gold  or  silver. 
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(367)  Phosphorus  forms  four  well  defined  compounds  with 
oxygen.      Three  of  these  possess  an  acid  character  : — 

Phosphoric  acid PO5. 

Phosphorous  acid PO3. 

Hypophosphorous  acid PO. 

Oxide  of  phosphorus P^O. 

(368)  Phosphoric  Acid,  (POg);  Equivalent,  72.  —  The  most 
important  of  the  oxides  of  phosphorus  is  phosphoric  acid,  which 
is   the   sole  product   of  the  rapid   combustion  of  phosphorus    in 

oxygen  or  atmo- 
^i^-  270-  spheric  air.      By 

means  of  the  ap- 
paratus shown  in 
fig.  270,  a  large 
quantity  of  phos- 
phoric acid  may 
be  readily  ob- 
tained in  a  few 
hours :  e  is  athree- 
necked  globe,  in 
the  centre  of 
which  is  sus- 
pended a  porce- 
lain dish,  c;  this 
dish  is  attached 
by  platinum  wire 
to  the  wide  tube, 
a  h,  which  is  closed  at  top  with  a  sound  cork ;  the  bottle,  /,  is  con- 
nected by  the  tube,  g,  with  an  aspirator,  or  other  convenient  means  of 
maintaining  a  continuous  current  of  air  through  the  apparatus  :  the 
air  as  it  enters  is  thoroughly  dried  by  passing  over  pumice  moistened 
with  sulphuric  acid,  in  the  tube,  d.  A  fragment  of  well  dried  phos- 
phorus is  placed  in  the  dish  c,  and  kindled  by  touching  it  with  a  hot 
wire.  As  the  phosphorus  burns  away  fresh  pieces  are  added  through 
the  aperture  fl,  which  is  again  immediately  closed  with  the  cork. 
Phosphoric  acid  is  thus  obtained  as  a  snow-white,  flocculent,  un- 
crystalline,  anhydrous,  but  extremely  deliquescent,  powder.  When 
dropped  into  water  it  combines  with  it,  emitting  a  hissing  noise ; 
the  greater  part  instantly  dissolves,  leaving  a  few  gelatinous  flocculi, 
which  slowly  disappear.  After  it  has  once  been  dissolved  it  cannot 
again  be  completely  deprived  of  water,  unless  it  be  made  to  enter 
into   combination   with   a  base,   such   as   soda   or   oxide  of  lead. 
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The  base   in   this   case   unites   with  the   acid   and   displaces    the 
water. 

(369)  Hydrates  of  Phosphoric  Acid. — In  a  hydrated  state  the 
acid  is  generally  procured  by  boiling  phosphorus  in  nitric  acid 
diluted  till  of  a  specific  gravity  of  i*20.  The  phosphorus  becomes 
oxidized  by  the  nitric  acid,  which  is  decomposed  with  escape  of 
deutoxide  of  nitrogen,  and  the  phosphoric  acid  dissolves  as  it  is 
formed.  When  the  phosphorus  has  all  disappeared,  the  excess  of 
nitric  acid  is  expelled  by  evaporating  the  liquid  in  a  platinum 
vessel  until  dense  white  fumes  begin  to  arise :  on  cooling,  the  acid 
solidifies  to  a  transparent  glassy  mass,  frequently  termed  glacial 
phosphoric  acid.  The  glacial  acid  is  extremely  deliquescent,  pro- 
ducing a  solution  which,  when  saturated,  has  a  sp.  gr.  of  2'0.  It 
is  intensely  acid  but  not  caustic. 

The  oxidation  of  phosphorus  by  nitric  acid  furnishes  an  easy 
means  of  ascertaining  the  composition  of  phosphoric  acid.  For  this 
purpose,  32  grains  of  phosphorus  are  boiled  in  a  glass  retort  with 
pure  dilute  nitric  acid.  The  greater  part  of  the  excess  of  water 
and  nitric  acid  having  been  distilled  off,  the  acid  solution  is  added 
to  350  grains  of  oxide  of  lead,  in  a  weighed  platinum  dish :  the 
liquid  is  slowly  evaporated  and  the  residue  ignited ;  by  a  red  heat 
the  whole  of  the  nitric  acid  is  expelled,  and  the  phosphoric  acid 
alone  remains  in  combination  with  the  lead.  The  oxide  and  acid 
together  will  be  found  to  weigh  4:^2  grains,  showing  an  increase 
in  weight  upon  the  phosphorus  and  oxide  of  lead  of  40  grains : 
32  parts  of  phosphorus  therefore  require  40  parts  of  oxygen  for 
conversion  into  phosphoric  acid. 

A  less  pure  acid  is  procured  by  adding  to  a  solution  of  super- 
phosphate of  lime  (prepared  from  bones  by  the  process  already 
described  as  a  preliminary  step  towards  procuring  phosphorus) 
carbonate  of  ammonia  till  effervescence  ceases ;  tribasic  phosphate 
of  lime  is  precipitated,  leaving  phosphate  of  ammonia  in  solution. 
The  precipitated  phosphate  of  lime  is  separated  by  filtration,  the 
liquid  evaporated  to  dryness,  and  the  residue  ignited.  Ammonia 
is  expelled,  and  phosphoric  acid  (contaminated  with  all  the  soluble 
salts  which  the  bones  contained)  remains  behind. 

Hydrated  phosphoric   acid   cannot  be  completely  deprived  of 

water  by  ignition;  for  when  heated  to  redness,  the  acid  sublimes 

with  the  water.      There  are  three  different  hydrates  of  phosphoric 

acid,  each  of  which  possesses  the  properties  of  a  distinct  acid :  viz. 

the  protohydrate  of  phosphoric  acid  .      .      .      H0,P05, 

the  deutohydrate  of  phosphoric  acid       .      .  2  H0,P05, 

the  tritohydrate  of  phosphoric  acid  .      .      .  3  HOjPOg. 
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These  different  hydrates  of  the  acid  retain  their  peculiar  cha- 
racteristics when  dissolved  in  water^  and  combine  with  i_,  with  2, 
or  with  3  equivalents  of  bases  to  form  salts^  according  as  the 
protohydrate_,  the  deutohydrate^  or  the  tritohydrate  is  employed. 
Owing  to  the  important  influence  which  the  study  of  these  com- 
pounds has  exercised  upon  the  theory  of  saline  combinations  in 
general^  it  will  be  necessary  to  examine  them  somewhat  in  detail. 

(370)  Tritohydrate  (3  HO^  PO5). — If  the  liquid  formed  by 
dissolving  the  glacial  acid  in  water  be  boiled  for  some  time^  and 
carbonate  of  soda  be  then  added  until  the  solution  becomes  slightly 
alkaline,  a  tribasic  phosphate  of  soda  and  water  (2  NaO,  HO, 
POg  4-  24  aq)  is  obtained,  which  on  evaporation  crystallizes  in  large 
transparent  rhombic  prisms.  If  this  solution  be  mixed  with  nitrate 
of  silver,  also  in  solution,  a  canary-yellow  precipitate  of  tribasic 
phosphate  of  silver,  3  AgO,  PO5  is  formed.  Although  this  solution 
was  neutral  or  slightly  alkaline  before  admixture  with  nitrate  of 
silver,  it  will  be  found  afterwards  to  have  a  decided  acid  reaction, 
nitric  acid  being  liberated ;  2  NaO,  HO,  PO5  +  3  (AgO,  NO5)  = 
2  (NaO,  NO5)  +  HO,  NO5  +  3  AgO,  PO5.  Acetate  of  lead  may  be 
used  as  a  precipitant  instead  of  nitrate  of  silver,  and  in  this  case  a 
white  triphosphate  of  lead,  3  PbO,  PO5  subsides.  If  this  phosphate 
of  lead  be  well  washed,  suspended  in  water,  and  exposed  to  the  action 
of  a  current  of  sulphuretted  hydrogen,  pure  tritohydrate  of  phosphoric 
acid  is  liberated  and  dissolves  in  the  liquid,  whilst  the  black  insoluble 
sulphide  of  lead  is  formed;  3  PbO,  POg-f  3HS  =  3HO,  PO5  +  3  PbS. 
By  filtration,  the  sulphide  of  lead  is  removed,  and  the  acid  may  be 
obtained,  by  evaporation  in  vacuo  over  sulphuric  acid,  in  deliques- 
cent crystalline  plates.  It  requires  3  equivalents  of  a  base  for 
saturation.  The  salts  of  this  hydrate  form  the  common  tribasic 
phosphates. 

The  soluble  salts  of  this  variety  of  phosphoric  acid  are  charac- 
terized by  the  yellow  phosphate  of  silver  which  their  neutral  solutions 
form  with  nitrate  of  silver,  and  by  the  crystalline  precipitate  which 
they  yield  when  a  clear  solution  of  sulphate  of  magnesia,  rendered 
alkaline  by  ammonia,  is  briskly  stirred  with  them  ;  this  precipitate 
is  insoluble  in  water  which  contains  free  ammonia;  it  consists  of 
(2  MgO,  NH4O,  PO5  +  12  HO);  when  ignited,  it  becomes  con- 
verted into  (2  MgO,  PO5),  and  is  frequently  employed  as  a  means 
of  estimating  the  amount  of  phosphates  in  solutions  which  con- 
tain them.  Neutral  solutions  of  the  phosphates  give  precipitates 
with  salts  of  baryta  and  lime ;  the  phosphates  of  baryta  and  lime 
dissolve  readily  in  acetic  acid.      The  quantity  of  phosphoric  acid  in 
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a  solution  may  also  be  ascertained,  if  neither  sulphuric  nor  hydro- 
chloric acid  be  present,  by  means  of  acetate  of  lead ;  the  solution, 
before  this  salt  is  added  to  it,  should  be  neutralized  by  ammonia, 
and  then  acidulated  freely  with  acetic  acid ;  the  precipitate,  (2  PbO, 
HOjPOg),  should  be  well  washed  and  ignited,  after  which  it  becomes 
anhydrous.  With  sesquioxide  of  iron  phosphoric  acid  forms  an  inso- 
luble buff-coloured  precipitate,  (Fe203,P05),  which  is  also  sometimes 
employed  to  estimate  the  quantity  of  phosphoric  acid  in  a  solution. 

(371)  Deutohydrate^  or  Pyrophosphoric  Acid,  (2  HO,  PO5). — 
When  rhombic  phosphate  of  soda,  2  NaO,  HO,  PO5  +  24  aq,  is  ex- 
posed to  heat,  it  melts  in  its  water  of  crystallization ;  and  by  con- 
tinuing to  apply  to  it  a  temperature  not  exceeding  300°  F.,  it  may 
be  reduced  to  a  hard,  white,  saline  mass,  which  may  be  redissolved 
in  water  with  all  its  former  properties.  The  dry  mass  consists  of 
2  NaO,  HO,  POg.  If  however  it  be  heated  to  redness  before  redis-^ 
solving,  I  equivalent  of  water  is  expelled :  the  residue  is  found  to 
consist  of  2  NaO,  PO5,  and  the  phosphoric  acid  is  reduced  to  the 
dibasic  variety ;  for  on  redissolving  it  in  water  and  evaporating  the 
solution,  the  liquid  no  longer  yields  rhombic  crystals,  but  furnishes 
acicular  crystals,  composed  of  2  NaO,  PO5,  i  o  aq  ;  and  the  solution, 
instead  of  yielding  a  yellow  precipitate  with  nitrate  of  silver,  now 
gives  a  white  one,  consisting  of  2  AgO,  PO5.  In  this  case  the 
solution,  if  neutral  before  intermixture  with  the  silver  salt,  remains 
neutral  afterwards,  as  no  free  acid  is  liberated : — 

2(AgO,  NO5)  +  2  NaO,  P05  =  2(NaO,  NO^)  +  2  AgO,  PO5. 

With  solution  of  acetate  of  lead  this  salt  also  occasions  a  white 
precipitate,  the  composition  of  which  is  represented  by  the  formula 
2  PbO,  PO5 :  and  if  the  lead  salt  be  decomposed  with  sulphuretted 
hydrogen,  it  yields  the  deutohydrate  of  phosphoric  acid,  2  HO,  PO5. 
The  excess  of  sulphuretted  hydrogen  must  be  got  rid  of  by  expo- 
sure to  the  air,  (not  by  heat,  otherwise  the  tribasic  hydrate  is 
formed,)  and  the  acid  may  be  obtained  in  crystals  by  evaporation 
in  vacuo  over  sulphuric  acid.  The  dibasic  phosphate  of  soda,  from 
the  mode  in  which  it  is  obtained,  is  often  termed  the  pyrophosphate 
of  soda,  and  the  corresponding  dibasic  salts  of  the  acid,  pyrophos- 
phates. No  solid  pyrophosphate  of  potash  or  of  ammonia  can  be 
obtained;  these  salts  are  stable  while  in  solution,  but  on  evapora- 
tion they  become  converted  into  tribasic  phosphates  by  the  assimi- 
lation of  water.  (Graham.) 

(372)  Protohydrate,  or  Metaphosphoric  Acid,  (HO,  PO5). — If  in 
preparing  the  rhombic  phosphate  of  soda,  (370)  two  equal  portions 
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of  pliosphoric  acid  be  taken^  and  after  neutralizing  one  portion  with 
carbonate  of  soda^  as  above  directed^  the  second  quantity  of  acid  be 
added  to  the  neutraUzed  solution,  a  tribasic  phosphate  of  soda, 
consisting  of  NaO,  2  HO,  PO5,  will  be  obtained  on  evaporating  the 
liquid  to  dryness ;  but  on  igniting  the  residue,  the  2  equivalents  of 
water  will  be  expelled,  and  a  fusible  monobasic  phosphate,  or  meta- 
phosphate,  of  soda,  NaO,  PO5,  will  remain,  in  the  form  of  a  trans- 
parent glass.  This,  if  dissolved  in  water,  gives  with  nitrate  of 
silver  a  gelatinous  white  precipitate,  diiferent  in  appearance  and 
composition  from  either  of  the  former  phosphates  of  silver;  it  con- 
tains AgO,  PO5,  and  is  soluble  in  excess  of  the  soda  salt.  With 
acetate  of  lead  a  white  precipitate  also  is  formed,  PbO,  PO5;  it  is 
fusible  in  boiling  water,  and  when  decomposed  with  sulphuretted 
hydrogen,  it  yields  the  protohydrate  of  the  acid,  HO,  PO5,  which  is 
distinguished  from  the  other  hydrates  by  its  power  of  coagulating 
the  albumen  of  white  of  e^^.  Acetic  acid  does  not  coagulate  albu- 
men, neither  does  a  solution  of  metaphosphate  of  soda ;  but  if  the 
two  solutions  be  mixed,  the  acetic  acid  liberates  metaphosphoric 
acid,  and  the  albumen  becomes  coagulated.  Metaphosphate  of  soda 
is  capable  of  combining  with  water  of  crystallization,  and  retains 

1  equivalent  if  dried  at  212° ;  this  water  is  not  basic,  for  an  again 
dissolving  the  salt,  it  gives  the  usual  reactions  of  the  metaphos- 
phates.  If  however  the  salt  be  heated  to  300°,  it  does  not  lose 
weight,  but  becomes  converted  into  the  acid  pyrophosphate  of  soda, 
the  water  by  the  application  of  heat  having  changed  its  function 
in  the  salt,  and  having  now  become  basic. 

Hydrated  metaphosphate.  Pyrophosphate  of  soda  and  water. 

NaO,  PO5  +  HO  becomes  NaO,  HO,  PO^. 

This  change  of  properties  in  the  salt,  without  any  change  in  the 
proportions  of  its  components,  here  admits  of  a  satisfactory  expla- 
nation; and  it  is  a  striking  and  instructive  illustration  of  the  facility 
with  which  chemical  compounds,  by  a  change  in  molecular  consti- 
tution, may  sometimes  give  rise  to  substances,  the  properties  of 
which  may  be  very  different,  though  the  results  of  their  analysis 
in  100  parts  may  numerically  coincide. 

Metaphosphate  of  soda  forms  .with  salts  of  baryta  a  white 
insoluble  metaphosphate  of  baryta,  BaO,  PO5 ;  but  when  boiled,  it 
gradually  dissolves,  and  assimilates  2  equivalents  of  water,  becom- 
ing  converted   into   the  acid  tribasic   phosphate  of  baryta,  (BaO, 

2  HO,  PO5).  The  compounds  of  this  hydrate  of  phosphoric  acid 
are  all  monobasic.      Their  solutions  feebly  redden  litmus.  • 
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The  aqueous  solution  of  the  protohydrate  of  phosphoric  acid, 
when  boiled,  becomes  converted  into  the  tritohydrate,  consequently 
it  cannot  be  concentrated  by  the  action  of  heat :  but  the  solution 
may  be  preserved  at  common  temperatures  without  change. 

Most  of  the  preceding  facts  relating  to  the  phosphates  are 
drawn  from  the  important  investigations  of  Mr.  Graham  [Phil. 
Trans.  1833). 

Modifications  of  Metaphosphoric  Acid. — Fleitmann  and  Henne- 
berg  (Liebig,  Ann.  Ixv.  324)  have  described  two  new  classes  of 
phosphates  intermediate  between  the  metaphosphates  and  pyro- 
phosphates. By  melting  pyrophosphate  and  metaphosphate  of  soda 
together,  in  the  proportion  of  an  equivalent  of  each,  they  obtained 
a  salt  consisting  of  (3  NaO,  2  PO5) ;  and  by  fusing  4  equivalents  of 
the  metaphosphate  of  soda  with  i  of  the  pyrophosphate,  a  definite 
soda  salt  was  obtained,  which  consisted  of  (6  NaO,  5  PO5) ;  both 
these  salts  are  very  unstable,  and  in  solution  pass  quickly  into  a 
mixture  of  pyrophosphate  and  metaphosphate.  Definite  salts  of 
silver  and  of  magnesia  corresponding  to  these  compounds  were 
obtained. 

If  the  glassy  metaphosphate  of  soda  be  fused,  and  allowed  to 
cool  very  slowly,  it  furnishes  a  beautiful  crystalline  mass,  which, 
when  dissolved  in  a  small  quantity  of  hot  water,  forms  a  liquid 
which  divides  into  two  strata;  the  smaller  of  these  contains  un- 
changed metaphosphate  of  soda ;  but  the  bulk  of  the  liquid  is  a 
solution  of  the  crystalline  salt,  which  may  be  obtained  on  evapora- 
tion ;  this  solution  is  neutral  and  has  a  saline  taste,  whilst  that  of 
the  ordinary  or  vitreous  metaphosphate  is  insipid.  The  crystalline 
salt,  by  boiling,  is  rapidly  converted  into  the  acid  common  phosphate 
(NaO,  2  HO,  PO5) ;  a  silver  salt,  consisting  of  3  (AgO,  PO5)  +  2  HO, 
may  be  obtained  from  the  crystalline  soda  salt  by  precipitation. 

Mr.  Maddrell  obtained  a  series  of  monobasic  metaphos- 
phates which  were  anhydrous,  crystalline,  and  insoluble  in  water, 
but  soluble  in  oil  of  vitriol.  They  were  formed  by  heating  a  solu- 
tion of  the  sulphate,  or  nitrate  of  the  base  with  an  excess  of  phos- 
phoric acid,  until  the  sulphuric  or  other  acid  of  the  salt  was  expelled. 
Salts  of  potash,  soda,  alumina,  copper,  nickel,  &c.,  were  thus  pro- 
cured. The  soda  salt,  if  prepared  with  phosphoric  acid  which 
contains  magnesia,  or  any  base  isomorphous  with  it,  forms  an  in- 
soluble double  metaphosphate.  The  magnesian  salt  is  crystalline, 
and  consists  of  3  (MgO,  PO5)  +NaO,  PO5. 

(373)  Phosphorous  Acid,  (PO3) ;  Eq.,  ^6. — This  body  is  pro- 
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duced  by  the  slow  combustion  whicli  occurs  when  phosphorus  is 
left  exposed  to  the  action  of  the  atmosphere;  this  may  be  safely 
effected  by  placing  sticks  of  phosphorus  separately  in  tubes  open  at 
both  ends,  the  lower  aperture  of  the  tube  being  a  little  contracted 
to  prevent  the  phosphorus  from  falling  out ;  a  number  of  these 
tubes  are  then  placed  in  a  funnel,  and  the  dense  acid  liquid  which 
forms  gradually  drains  into  a  vessel  placed  for  its  reception.  In 
this  process  phosphorous  acid  is  first  produced ;  the  acid  being 
deliquescent,  attracts  moisture  from  the  air,  and  then  by  gradually 
absorbing  oxygen,  it  forms  phosphoric  acid.  The  oxidation  never 
proceeds  so  far  as  to  convert  the  whole  into  phosphoric  acid;  the 
liquid  therefore  contains  a  mixture  of  phosphorous  and  phosphoric 
acids.  *To  obtain  a  pure  hydrated  phosphorous  acid,  a  stream  of 
chlorine  is  sent  very  slowly  through  a  deep  layer  of  phosphorus 
melted  under  water,  so  that  each  bubble  of  gas  shall  be  completely 
absorbed  by  the  phosphorus ;  terchloride  of  phosphorus,  PCI3,  is 
formed,  and  is  immediately  decomposed  by  the  water  into  hydro- 
chloric and  phosphorous  acids;  PCI3  +  3  HO  =  P03  +  3  HCl.  The 
acid  liquid  is  concentrated  by  a  heat  not  exceeding  400°;  hydro- 
chloric acid  is  expelled,  and  hydrated  phosphorous  acid  is  obtained 
in  deliquescent  rectangular  prisms,  (2  H0,P03,  HO.)  When  ex- 
posed to  the  air  it  gradually  absorbs  oxygen  ;  and  by  a  high  tem- 
perature it  is  decomposed  into  phosphoric  acid  and  phosphuretted 
hydrogen  (376). 

To  prepare  the  acid  in  the  anhydrous  state  it  is  necessary  to 
burn  phosphorus  in  a  limited  current  of  dry  air ;  it  is  thus  obtained 
as  a  white,  volatile,  uncrystalline,  inflammable,  deliquescent 
powder.  Phosphorous  acid  is  dibasic  ;  that  is,  its  salts  when  ueutral 
contain  2  equivalents  of  base ;  but  M.  Wurtz  finds  that  hydrated 
phosphorous  acid,  besides  its  two  basic  equivalents  of  water,  retains 
a  third  equivalent  of  water,  which  is  essential  to  it.  Neutral 
phosphite  of  soda,  for  instance,  consists  of  (2  NaO,  PHO4  -f 
10  HO)  ;  when  heated  to  572°,  it  still  retains  i  equivalent  of 
water,  and  consists  of  2  NaO,  PHO4.  Acid  phosphites  may  also 
be  formed  :  the  acid  phosphite  of  baryta,  dried  at  212°  consists  of 
(BaO,  HO,  PHO4).  The  acid  phosphites  when  heated  emit  hydrogen 
gas,  whilst  a  monobasic  phosphate  remains  behind ;  thus  (BaO,  HO, 
PHO4)  becomes  BaO,  PO5  +  2  H.  If  the  phosphite  contain  a  smaller 
quantity  of  water,  phosphuretted  hydrogen  is  also  emitted;  for 
instance,  in  the  case  of  phosphite  of  lead  5  (2  PbO,  PHO4)  = 
10  PbO,  4  PO5  +  H3  P  +  2  H. 

(374)    Hypophosphorous   AciDj    (PO) ;    Equivalent j   40 ;    or 
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as  is  more  probable,  HO,  PH3  O3  (Wurtz).  —  This  compound 
was  formerly  considered  to  be  an  acid  of  phosphorus  with 
a  still  smaller  quantity  of  oxygen  than  the  preceding,  but  it 
has  never  been  obtained  in  the  anhydrous  form.  In  a  hydrated 
condition  it  may  be  procm^ed  by  Rosens  method  of  boiling  phos- 
phorus with  baryta  in  water.  Phosphuretted  hydrogen  escapes,  and 
on  evaporation  a  baryta  salt  is  obtained,  composed  of  BaO,  PH2O3, 
owing  to  the  following  decomposition:  3  BaO-}-4  P  +  9  H0  = 
3(BaO,  PH2O3) +  H3P  ;  and  on  adding  sulphuric  acid  cautiously, 
pure  hypophosphorous  acid  is  obtained  in  solution,  whilst  the 
baryta  is  separated  as  sulphate  of  baryta.  Hypophosphorous  acid 
forms  an  uncrystallizable  syrup,  which  has  a  sour,  bitterish  taste ; 
its  acid  properties  are  but  feebly  marked,  and  its  solution  gradually 
absorbs  oxygen  from  the  air.  When  heated  it  first  loses  water ; 
and  by  a  stronger  heat  it  is  decomposed,  and  emits  phosphuretted 
hydrogen,  whilst  phosphoric  acid  is  set  free  :  for  example, 

3(HO,  PH  A)  =  (3  HO,  PO5)  +  H3P. 

Owing  to  the  partial  decomposition  of  the  phosphuretted  hydrogen, 
a  little  phosphorus  is  generally  deposited  at  the  same  time,  and  a 
corresponding  quantity  of  hydrogen  is  liberated. 

The  researches  of  Dulong,  of  Rose,  and  especially  of  Wurtz  {Ann. 
de  Chimie,  III.  vii.  '^^,  and  xvi.  191),  have  shown  that  all  the  hypo- 
phosphites  retain  %  equivalents  of  water,  which  are  essential  to 
their  composition  ;  the  acid  requires  one  equivalent  of  base  for  its 
saturation.  The  baryta  salt,  for  example,  may  be  represented  as 
BaO,  PH2O3 ;  and  hypophosphite  of  lead  as  PbO,  PH^Og.  They 
correspond  therefore  to  the  monobasic  phosphates,  but  2  equiva- 
lents of  hydrogen  have  taken  the  place  of  2  equivalents  of  oxygen 
in  the  phosphoric  acid.  The  hypophosphites  are  all  soluble  in 
water,  and  those  of  the  alkalies  dissolve  also  in  alcohol :  many  of 
them  crystallize  easily  ;  the  crystallized  salts  may  be  preserved  un- 
changed, but  their  solutions  when  evaporated  at  a  high  temperature, 
are  gradually  converted  into  phosphates  by  absorption  of  oxygen. 
Like  phosphorous  acid  they  reduce  gold  and  silver  from  their  salts. 
Hypophosphorous  acid  is  distinguished  from  phosphorous  acid 
by  a  remarkable  reaction  with  the  salts  of  copper;  if  to  an  excess 
of  free  hypophosphorous  acid  a  solution  of  sulphate  of  copper  be 
added,  and  the  liquid  be  warmed  to  about  130°  F.,  a  solid  insoluble 
hydride  of  copper  (CugH)  precipitates.  On  raising  the  liquid  to 
the  boiling  point,  this  hydride  is  decomposed  into  hydrogen  gas 
and  metallic  copper. 
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(375)  Oxide  of  Phosphorus,  (^2^)- — ^  still  lower  degree  of 
oxidation  of  phosphorus  exists,  which  possesses  neither  acid  nor 
alkaline  properties.  It  always  forms  in  small  quantity  when  phos- 
phorus is  burned  in  air,  and  is  one  of  the  constituents  of  the  red 
residue  after  the  combustion  has  terminated.  It  is  not  however  a 
compound  of  any  importance.  Oxide  of  phosphorus  has  neither 
smell  nor  taste,  and  is  quite  insoluble  in  water. 

(376)  Phosphides  of  Hydrogen. — The  compounds  of  phos- 
phorus with  hydrogen  are  not  possessed  of  acid  characters :  they 
are  three  in  number :  viz.  H3P ;  HgP,  and  HP2.  The  first  is 
gaseous,  the  second  liquid,  and  the  third  solid,  at  ordinary  tempe- 
ratures. 

Phosphuretted  Hydrogen  Gas,  (H3P)  ;  Equivalent^  ^^ ; 
Specific  Gravity,  i '  1 85  ;  Combining  Volume,  4.  —  Phosphuretted 
hydrogen  is  a  highly  inflammable  colourless  gas,  with  a  foetid 
alliaceous  odour ;  it  is  slightly  soluble  in  water ;  when  transmitted 
through  certain  metallic  solutions,  such  as  those  of  copper  or  of 
mercury,  it  is  absorbed  and  decomposed ;  phosphides  of  the  metals 
are  produced  and  are  precipitated.  When  the  gas  is  pure  it  is 
wholly  absorbed  by  a  solution  of  chloride  of  lime.  A  mixture  of  the 
gas  with  air  or  with  oxygen  explodes  at  a  temperature  of  300°,  or 
sometimes  even  at  common  temperatures,  if  the  pressure  be  sud- 
denly diminished.  In  this  gas,  i  volume  of  the  vapour  of  phos- 
phorus and  6  volumes  of  hydrogen  are  condensed  into  the  space  of 
4  volumes.  Its  combining  volume  is  therefore  the  same  as  that  of 
ammonia,  to  which  it  is  analogous  in  composition ;  but  it  does  not 
exhibit  any  marked  alkaline  properties.  Some  indication  of  a  basic 
character  is,  however,  shown  by  it,  as  it  combines  with  certain  of  the 
acids  in  definite  proportions.  For  example,  its  compound  with 
hydriodic  acid  (H3P,  HI)  is  formed  by  the  union  of  equal  volumes  of 
the  two  gases ;  it  crystallizes  in  cubes,  which  fuse  at  a  moderate  heat, 
and  if  air  be  excluded,  it  may  be  sublimed  without  alteration.  These 
crystals  are  deliquescent,  and  are  decomposed  by  water  into  hydri- 
odic acid  and  phosphuretted  hydrogen  gas.  This  compound  is 
easily  prepared  by  introducing  into  a  small  retort  127  parts  of  dry 
iodine  ground  up  with  powdered  glass,  and  32  parts  of  phosphorus  in 
small  fragments;  then  adding  20  parts  of  water;  the  vapours  which 
come  off  consist  of  this  compound  mixed  with  an  excess  of  hydri- 
odic acid ;  the  hydriodate  of  phosphuretted  hydrogen  condenses  in 
crystals  in  the  neck  of  the  retort,  if  it  be  kept  cool. 

Phosphuretted  hydrogen  likewise  combines  with  the  perchlorides 
of  many  of  the  metals,  such  as  those  of  tin,  titanium,  antimony 
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and    iron.       These  compounds    are    decomposed   by    water    with 
escape  of  phosphuretted  hydrogen  gas. 

Preparation. — Phosphuretted  hydrogen  gas  may  be  obtained 
in  a  state  of  purity  by  the  decomposition  of  hydrated  phosphorous 
acid  by  heat;   4  (2HO,  PHO4)  =  3  (3HO,  PO5)  +  H3P. 

This  gaSj  however,  is  generally  prepared  by  heating  fragments 
of  phosphorus  with  a  strong  solution  of  hydrate  of  potash,  or 
with  cream  of  lime;  hypophosphite  of  the  base  is  formed,  with 
extrication  of  phosphuretted  hydrogen;  P4  +  9  HO  +  3  KO  = 
3  (KO,  PH2O3)  +  H3P.  The  gas  so  obtained  has  the  remarkable 
property  of  spontaneously  taking  fire  in  atmospheric  air  or  in 
oxygen  gas ;  if  allowed  to  escape  into  the  air  in  bubbles,  each 
bubble  as  it  breaks  produces  a  beautiful  white  wreath  of  phos- 
phoric acid,  composed  of  a  number  of  ringlets  revolving  in  vertical 
planes  around  the  axis  of  the  wreath  itself,  as  it  ascends;  thus 
tracing  before  the  eye,  with  admirable  distinctness,  the  rapid 
gyratory  movements  communicated  to  the  superincumbent  air  by 
the  bursting  of  a  bubble  of  any  kind  upon  the  surface  of  a  still 
sheet  of  water.  If  the  bubbles  be  allowed  to  rise  into  a  jar  of 
oxygen,  a  brilliant  flash  of  light,  attended  with  a  slight  concussion, 
occurs  each  time  a  bubble  of  the  gas  bursts  within  the  jar.  Owing 
to  the  spontaneous  inflammation  of  the  gas  it  should  (to  avoid 
danger)  always  be  made  in  small  vessels  containing  but  little  atmo- 
spheric air.  Mr.  Graham  has  shown  that  the  addition  of  small  quan- 
tities of  the  vapour  of  some  inflammable  bodies,  such  as  ether, 
naphtha,  and  turpentine,  destroy  this  self-lighting  power ;  and  that 
porous  bodies,  such  as  charcoal,  also  remove  it.  On  the  other  hand, 
the  gas  obtained  from  phosphorous  acid  is  not  self-lighting,  but  the 
addition  of  so  small  a  quantity  as  Tir.ioxrth  of  its  bulk  of  nitrous 
acid  gas,  confers  this  property  upon  it. 

(377)  Liquid  Phosphide  of  Hydrogen^  HgP,  or  H10P5. — The 
singular  property  of  spontaneously  igniting  when  mixed  with  free 
oxygen  which  phosphuretted  hydrogen  possesses  in  certain  cases, 
long  remained  without  explanation,  as  a  careful  analysis  indicated 
little  or  no  difference  in  composition  between  the  self-lighting  gas 
and  the  other  variety  which  does  not  possess  this  property.  M.  P. 
Thenard  has  lately  shown  that  the  self-lighting  power  depends 
upon  the  presence  of  a  minute  quantity  of  the  vapour  of  another 
phosphide  of  hydrogen,  H10P5,  which  takes  fire  the  instant  that 
uncombined  oxygen  is  presented  to  it  [Ann.  de  Chimie,  III. 
xiv.  5) .  At  ordinary  temperatures  this  compound  exists  as  a  volatile 
yellowish  liquid,  which  by  exposure  to  light  is  decomposed  into  a 
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yellow,  solid,  and  but  slightly  inflammable  phosphide,  HPg,  and  into 
the  non-self-lighting  gas,  H3P ;  for  HioP5  =  HP2H-3H3P.  It  had 
long  been  remarked,  although  analysis  showed  no  difference  be- 
tween the  self-lighting  and  the  common  gas,  that  when  the  former 
was  exposed  to  sunlight  for  a  few  hours,  traces  of  a  solid  yellow 
compound  were  deposited,  whilst  the  gas  lost  its  self-lighting  power ; 
and  that  this  power  was  also  destroyed  by  exposing  the  gas  to  a 
great  degree  of  cold.  This  effect  is  evidently  due  in  the  case  of 
the  exposure  to  sunlight,  to  decomposition  of  the  inflammable  com- 
pound, and  in  the  case  of  the  application  of  cold,  to  its  conden- 
sation into  the  liquid  form. 

Liquid  phosphide  of  hydrogen  may  be  prepared  by  conducting 
the  gas  which  is  disengaged  by  the  action  of  water  upon  phosphide 
of  calcium  (CagP),  through  a  bent  tube  immersed  in  a  freezing 
mixture  of  ice  and  salt ;  a  colourless  liquid  of  high  refracting  power  is 
thus  condensed.  It  takes  fire  the  instant  that  it  comes  into  contact 
with  air,  and  burns  with  the  intense  white  light  of  phosphorus.  Solar 
light  quickly  decomposes  it  into  the  solid  phosphide,  HPg,  and 
into  the  gaseous  phosphuretted  hydrogen.  If  a  little  of  the  vapour 
of  this  liquid  be  allowed  to  diffuse  itself  through  hydrogen,  car- 
bonic oxide,  or  any  other  combustible  gas,  it  confers  upon  it  the 
property  of  taking  fire  spontaneously  when  mixed  with  atmospheric 
air  or  oxygen. 

(378)  Solid  Phosphide  of  Hydrogen  (HPg).  —  The  liquid  phos- 
phide is  immediately  decomposed  by  hydrochloric  acid;  and  the 
solid  yellow  phosphide  of  hydrogen  is  formed.  This  substance  is 
readily  prepared  by  treating  phosphide  of  calcium  (538)  with  hot 
hydrochloric  acid.  It  is  insoluble  in  water  or  alcohol.  When 
heated  with  potash  the  compound  dissolves,  and  phosphuretted 
hydrogen  gas  is  liberated.  There  appear  to  be  two  varieties  of 
the  solid  phosphide,  one  of  a  yellow,  the  other  of  a  green  colour  ; 
they  do  not  differ  from  each  other  in  composition.  The  solid 
yellow  hydride  of  phosphorus  takes  fire  at  about  300°  F. 

(379)  Chlorides  of  Phosphorus. — With  chlorine  phosphorus 
forms  two  compounds,  a  terchloride  PCI3,  corresponding  to  phos- 
phorous acid,  and  a  pentachloride,  PCI5,  which  corresponds  to  phos- 
phoric acid.  So  strong  is  the  aflinity  between  these  elements,  that 
in  an  atmosphere  of  chlorine  phosphorus  immediately  takes  fire. 

Terchloride  of  Phosphorus,  (PCI3);  Eq.,  138-5 — This  liquid  may 
be  obtained  by  transmitting  a  gentle  stream  of  perfectly  dry  chlorine 
gas  through  dry  and  melted  phosphorus  contained  in  a  retort ;  the 
chloride  distils  as  a  very  volatile,  transparent,  colourless  liquid,  of 
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a  specific  gravity  of  i*6i6,  at  32°;  it  fumes  iu  air^  and  boils  at  iy^°'4. 
It  dissolves  phosphorus  freely.  It  is  immediately  decomposed  by 
a  large  excess  of  water,  and  forms  phosphorous  and  hydrochloric 
acids;   PCI3  +  3HO  =  PO3  +  3HCI. 

Terchloride  of  phosphorus  is  often  prepared  by  transmitting 
the  vapour  of  phosphorus  over  corrosive  sublimate  placed  in  a  long 
tube,  and  gently  heated. 

Pentachloride  of  Phosphorus,  (PCI5) ;  Eg.,  209*5. — This  com- 
pound is  obtained  by  placing  dry  phosphorus  in  a  flask  provided  with 
a  stopcock,  exhausting  the  air,  and  allowing  chlorine  to  enter  so 
long  as  it  is  absorbed;  or  it  may  be  formed  by  treating  sesqui- 
chloride  of  phosphorus  in  a  tall  glass  with  an  excess  of  chlorine  : 
it  forms  a  white  crystalline  solid,  which  volatilizes  below  212° 
whilst  still  solid,  but  it  may  be  fused  under  pressure ;  its  boiling 
point,  according  to  Mitscherlich,  is  296°  F.  In  the  flame  of  a 
lamp  it  burns,  producing  chlorine  and  phosphoric  acid;  with 
ammonia  it  combines  readily.  It  is  very  deliquescent,  and  by  a 
large  excess  of  water  is  immediately  decomposed  into  phosphoric 
and  hydrochloric  acids ;  PCI5  +  5  HO  =  PO5  +  5HCI. 

If  the  vapour  of  water  be  allowed  slowly  to  mingle  with  that 
or  the  pentachloride,  hydrochloric  acid  and  an  oa^y  chloride  of  phos- 
phorus, PCI3O2,  are  gradually  formed;  the  latter,  according  to 
Wurtz,  is  a  limpid,  volatile,  fuming  liquid,  of  sp.  gr.  17,  which 
boils  at  230°  F.  Water  decomposes  it  into  phosphoric  and  hydro- 
chloric acids. 

With  sulphuretted  hydrogen  pentachloride  of  phosphorus  pro- 
duces hydrochloric  acid,  and  a  sulphochloride  of  phosphorus,  con- 
sisting of  PCI3S2.  It  is  a  fuming,  colourless  liquid,  which  boils  at 
257°.  Wurtz  finds  that  this  sulphochloride  of  phosphorus,  if  heated 
with  a  solution  of  caustic  soda  in  excess,  exchanges  its  chlorine  for 
oxygen ;  chloride  of  sodium  forms,  and  a  sulphoxyphosphate  of  soda 
may  be  obtained  in  six-sided  tabular  crystals  which  contain  24 
equivalents  of  water.  The  composition  of  this  salt  is  analogous  to 
that  of  the  tribasic  phosphate  of  soda,  but  the  two  are  not 
isomorphous.  The  following  equation  explains  the  changes  which 
accompany  its  production : — 

PCI3S2  +  6  NaO  =  3  NaO,  PO3S2  +  3  NaCl. 

One  half  of  the  soda  is  decomposed,  imparting  its  oxygen  to  the 
sulphochloride,  from  which  it  receives  a  corresponding  amount  of 
chlorine. 

(380)  Iodides  of  Phosphorus. —  Two  iodides  of  phosphorus 
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may  be  formed,  a  biniodide  and  a  teriodide  (Corenwinder,  Ann.  de 
Chimie,  III.  xxx.  342).  The  biniodide,  (Pig) ;  Equivalent,  286, 
may  be  obtained  by  dissolving  i  equivalent  of  phosphorus  in  bisul- 
phide of  carbon  and  adding  %  equivalents  of  iodine  :  by  cooling 
the  mixture  artificially,  thin  flexible  prismatic  crystals  of  the  iodide 
are  deposited  of  a  bright  orange  colour.  They  melt  at  230°,  and 
are  decomposed  by  water,  hydriodic  acid  being  one  of  the  products. 

Teriodide  of  Phosphorus,  (PI3);  Eq.,  413.  —  This  compound 
may  be  obtained  in  a  similar  manner  to  the  last,  viz.,  by  dissolving 
the  proper  proportions  of  the  two  elements  in  bisulphide  of  carbon ; 
the  liquid  is  concentrated  by  evaporation,  and  on  cooling  it  by  a 
freezing  mixture,  dark  red  six-sided  plates  are  formed;  it  melts 
between  120°  and  130°  F.,  and  on  cooling  crystallizes  in  fine  prisms. 
It  deliquesces  rapidly  when  exposed  to  the  air. 

Mr.  Brodie  [Quart.  Journ.  Chem.  Soc,  V.  289)  finds  that  iodine, 
when  heated  with  phosphorus  in  the  proportion  of  i  equivalent  of 
iodine  to  100  equivalents  of  phosphorus,  converts  nearly  the  whole 
of  the  phosphorus  into  the  red  variety  described  by  Schrotter.  When 
phosphorus  was  placed  in  a  long  tube,  and  heated  till  it  just  melted, 
and  iodine  was  projected  gradually  into  the  phosphorus,  the  iodine 
dissolved,  coloupng  the  phosphorus  slightly  red ;  when  heated  by  an 
oiLbath  to  212°,  the  colour  became  deep  red,  and  between  256°  and 
206°,  a  scarlet  powder  was  deposited  on  the  sides  of  the  tube ;  at 
f^r  *  284°  the  mass  was  quite  solid,  and  on  raising  the  heat  to  392°  F.,  a  *} 
sharp  explosion  took  place ;  a  sudden  evolution  of  heat  occurred, 
and  the  cork  which  closed  the  tube  was  blown  out  by  the  vapour  of 
phosphorus.  The  red  mass  may  be  distilled  in  closed  tubes,  and 
when  it  condenses  in  the  cooler  portions  of  the  tubes  it  is  still  in 
the  red  modification.  Mr.  Brodie  considers  the  changes  which 
occur  in  this  process  to  be  the  Jbllowing  ;  first,  the  formation  of  bin- 
iodide of  phosphorus,  next  the  transformation  of  this  iodide  by  heat 
into  an  allotropic  iodide,  and  thirdly,  the  decomposition  of  the  new 
iodide  into  red  phosphorus  and  a  volatile  iodide,  which  acts  upon  a 
further  portion  of  the  phosphorus ;  and  thus  the  action  is  inde- 
finitely continued. 

(381)  Phosphide  of  Nitrogen  (NgP?). — If  terchloride  of  phos- 
phorus be  cooled  by  a  freezing  mixture,  and  saturated  with  ammo- 
niacal  gas,  a  white  saline  mass  is  obtained ;  it  is  to  be  introduced 
into  a  tube  of  Bohemian  glass,  and  heated  to  redness  in  a  current  of 
dry  carbonic  acid  as  long  as  any  sal  ammoniac  sublimes;  a  yel- 
lowish-white bulky  amorphous  powder  remains  behind  :  this  sub- 
stance is  Kose^s  phosphide  of  nitrogen.  In  close  vessels  it  sustains  a 
red  heat  without  fusion  or  volatilization,  but  when  heated  in  air  it  is 
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slowly  oxidized,  with  formation  of  phosphoric  acid,  and  if  projected 
into  fused  hydrate  of  potash,  it  is  decomposed  with  incandescence  j 
phosphate  of  potash  being  formed,  whilst  ammonia  and  nitrogen 
are  disengaged ;  but  it  is  remarkable  that  dry  chlorine,  and  hydro- 
chloric acid  gases,  and  the  vapour  of  sulphur,  are  without  action 
upon  it,  even  at  a  red  heat ;  and  it  is  but  very  slowly  attacked  by 
concentrated  nitric  acid.  Solutions  of  the  alkalies  exert  scarcely 
any  action  upon  it.  When  heated  in  hydrogen,  ammonia  is  formed. 
It  combines  with  sulphuretted  hydrogen,  and  if  heated  in  a  current 
of  the  gas  it  slowly  sublimes  in  the  form  of  a  white  powder.  Ac- 
cording to  Gerhardt,  however,  the  so-called  phosphide  of  nitrogen 
contains  hydrogen,  and  is  really  HNgP. 

(382)  Sulphides  of  Phosphorus.  —  Sulphur  and  phosphorus 
may  be  melted  together  in  all  proportions :  several  definite  com- 
pounds exist  between  them,  and,  according  to  the  researches  of 
Berzelius,  these  compounds  correspond  in  composition  with  the 
oxides  of  phosphorus ;  and  in  addition  to  these,  a  compound,  PS12, 
may  be  formed.  All  the  sulphides  of  phosphorus  are  more  fusible 
than  either  element  separately,  and  are  exceedingly  inflammable : 
most  of  them  crystallize.  They  combine  with  the  alkaline  sul- 
phides, and  form  a  series  of  definite  salts. 

The  combination  of  sulphur  with  phosphorus  should  be  gradu- 
ally effected  under  warm  water ;  great  heat  is  extricated  by  their 
union,  and  the  experiment  requires  to  be  conducted  very  care- 
fully, in  order  to  avoid  explosion. 


CHAPTER  Vlll. 

SILICON    AND    BORON. 

§  I.  Silicon,  or  Silicium. 

Symbol,  Si;  EquivaleTU,  14*24. 


(383)  Silicon  when  in  combination  with  oxygen  is  the  most 
abundant  solid  constituent  of  the  earth's  crust.  To  obtain  the 
element  in  its  uncombined  form,  fluorspar  and  fine  quartzose  sand, 
or  ground  flints,  are  heated  with  concentrated  sulphuric  acid ;  a 
gaseous  fluoride  of  siUcon  is  formed,  which  partially  dissolves  in 
water,  producing  an  acid  solution.  This  acid  liquid,  when  neutra- 
lized with  a  solution  of  potash,  yields  a  sparingly  soluble  salt 
(KP,  SiFg).     This  silicofluoride  of  potassium  is  to  be  thoroughly 
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driedj  and  mixed  in  a  glass  or  iron  tube  with  eight  or  nine-tenths  of 
its  weight  of  potassium,  and  heated.  Fluoride  of  potassium  is 
formed,  whilst  silicon  is  reduced  and  partially  combined  with  the 
excess  of  potassium ;  (SiFg  +  KF)  +2K  =  2Si  +  3  KF.  The 
mass,  when  cold,  is  treated  with  cold  water,  which  produces  a 
copious  extrication  of  hydrogen  gas,  owing  to  the  decomposition  of 
the  water  by  the  excess  of  potassium.  The  washing  with  cold 
water  is  continued  so  long  as  any  alkaline  reaction  upon  test 
paper  is  observed ;  when  this  ceases,  it  may  finally  be  well  washed 
with  boiling  water,  as  long  as  anything  dissolves.  Silicon  may  also 
be  obtained  by  heating  potassium  in  a  glass  tube  in  a  current  of 
the  vapour  of  chloride  of  silicon. 

Silicon  so  obtained  is  a  dull  brown  powder,  insoluble  in  water, 
in  which  it  sinks.  It  is  a  non-conductor  of  electricity ;  it  soils 
the  fingers  when  touched  ;  it  is  not  acted  upon  by  nitric  or  sulphuric 
acid,  but  dissolves  readily  in  hydrofluoric  acid,  and  in  a  warm 
solution  of  potash.  When  heated  in  air  or  in  oxygen  it  burns 
brilHantly,  and  is  converted  into  silica,  which  is  the  only  known 
oxide  of  silicon :  the  intense  heat  emitted  causes  the  silica  to  fuse 
and  form  a  superficial  coating  over  the  unburnt  silicon.  Silicon 
has  never  been  fused  nor  volatilized. 

The  brown  powder  just  described,  if  heated  intensely  in  a  closed 
platinum  crucible,  parts  with  a  trace  of  hydrogen,  shrinks  greatly, 
becomes  much  denser  and  darker  in  colour,  and  undergoes  a 
remarkable  change  in  properties.  After  such  ignition,  the  silicon 
(which  Berzelius  distinguishes  as  Si^)  may  be  heated  strongly  in 
air  or  in  oxygen,  even  when  urged  in  the  blowpipe  flame,  without 
taking  fire ;  it  has  become  sufficiently  heavy  to  sink  in  oil  of 
vitriol,  and  it  resists  the  action  of  pure  hydrofluoric  acid,  although 
if  treated  with  a  mixture  of  nitric  and  hydrofluoric  acids  it  is  rapidly 
dissolved.  It  may  even  be  fused  with  nitre  or  with  chlorate  of  potash 
without  undergoing  oxidation ;  but  if  the  heat  be  urged  to  whiteness, 
the  silicon  burns  brilliantly  in  the  nitre ;  the  oxidation,  however,  is 
much  hastened  by  the  addition  of  a  little  carbonate  of  potash ;  the 
mixture  then  deflagrates  briskly,  even  though  it  may  be  at  a  much 
lower  temperature  :  by  fusion  with  carbonate  of  potash  alone,  it  is 
easily  and  completely  oxidized ;  in  both  cases,  silica  is  formed,  and 
immediately  dissolves  in  the  melted  alkali.  Deville  {Ann.  de  Chimie, 
III.  xliii.  31)  has  described  a  third  modification  of  silicon,  in  the 
form  of  brilliant  plates  possessed  of  a  metallic  lustre,  resembling 
platinum  filings  in  appearance.  It  is  a  conductor  of  electricity; 
it  may  be  heated  to  whiteness  in  a  current  of  oxygen  without 
undergoing  change,  but  is  gradually  dissolved  by  a  mixture  of  hydro- 
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fluoric  and  nitric  acid :  tliougli  it  is  oxidized  but  very  slowly  when 
fused  with  hyrkate  of  potash.  ThLs  form  of  silicon  vvas  obtained  by 
acting  with  hydrochloric  acid  upon  a  silicide  of  aluminum,  pro- 
cured by  the  electrolytic  decomposition  of  an  impure  double 
chloride  of  sodium  and  aluminum. 

(384)  Silicic  AciD,or/Si/ica,(Si02);  Eq., ^0-24. — Silicon  appears 
to  form  only  a  single  oxide.  Some  difficulty  is  therefore  experienced 
in  deciding  on  the  number  of  equivalents  of  oxygen  that  it  contains. 
According  to  Berzelius  the  two  elements  are  united  in  the  proportion 
of  4802  of  silicon  and  51*98  of  oxygen  j  and  the  same  eminent 
chemist  represents  it  as  a  teroxide.  There  are,  however,  reasons 
which  render  it  more  probable  that  it  contains  only  2  equivalents 
of  oxygen,  and  that  it  corresponds  in  composition  to  carbonic  acid : 
for  example,  one  equivalent  of  chloride  of  silicon,  when  converted 
into  vapour,  instead  of  forming  an  exception  to  the  general  rule,  as 
it  does  upon  the  theory  of  Berzelius,  would  then  produce  two 
volumes  of  vapour  as  usual :  and  in  decomposing  fused  carbonate  of 
soda  by  the  addition  of  finely  divided  sihca,  it  is  found  that  the 
whole  of  the  carbonic  acid  is  expelled  when  the  proportion  of  silica 
is  to  the  carbonate  as  31  to  54.  Gmelin  has  calculated  the 
formulse  of  the  natural  silicates  upon  this  supposition,  and  his 
formulae  have  been  adopted  by  Brooke  and  Miller  in  their  treatise 
on  mineralogy.  This  view  has  the  advantage  of  greater  simplicity, 
and  it  will  be  employed  in  this  work.  The  formula  for  silica  will 
therefore  be  SiOg,  instead  of  SiOg  which  is  given  in  the  table  at 
p.  18  :  and  the  equivalent  of  silicon  is,  therefore,  14' 24,  instead  of 
21-36. 

Pure  silica  occurs  crystallized  in  six-sided  prisms,  transversely 
striated,  and  terminated  by  six-sided  pyramids,  in  rock  crystal  and 
in  some  forms  of  quartz.  It  is  nearly  pure  in  agate,  flint,  calcedony, 
and  opal;  it  constitutes  the  principal  ingredient  of  all  sandstones;  and 
it  enters  largely  into  the  composition  of  felspar,  and  a  vast  variety 
of  minerals.  Pure  silica  is  perfectly  transparent  and  colourless  ;  in 
hardness  it  approaches  the  precious  gems ;  it  has  a  specific  gravity 
of  2*6.  A  heat  as  intense  as  that  of  the  oxyhydrogen  blowpipe  is 
required  for  its  fusion  ;  it  then  melts  to  a  transparent  glass,  which 
may  be  drawn  out  into  fine,  flexible,  elastic  threads.  Native  silica 
is  insoluble  in  water,  and  in  all  acids  except  the  hydrofluoric.  It 
is  not  volatile  when  heated  alone,  but  when  heated  in  a  current  of 
steam  it  undergoes  partial  sublimation,  and  is  thus  frequently 
found  in  the  throats  of  furnaces,  forming  concretionary  nodules, 
somewhat  resembling  calcedony  in  appearance. 
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Preparation. — Silica  presents  the  characters  of  an  earth_,  hut 
though  insoluble  it  possesses  feeble  acid  properties,  as  is  shown  by 
the  usual  process  of  obtaining  it  in  a  state  of  purity : — a  mixture 
of  carbonate  of  potash  and  soda  is  fused  by  a  red  heat,  and  ground 
flint  or  some  other  siliceous  mineral  in  fine  powder  is  added  in 
small  quantities  to  the  melted  mass ;  on  each  addition  a  brisk 
efiervescence,  due  to  the  escape  of  carbonic  acid,  takes  place.  As 
soon  as  the  addition  of  the  mineral  ceases  to  produce  this  effect 
no  more  is  added,  but  the  mixture  is  heated  strongly  for  some 
minutes.  It  is  then  allowed  to  cool,  and  if  digested  in  water,  the 
mass  slowly  dissolves,  with  the  exception  of  any  impurities,  such  as 
oxide  of  iron,  which  the  siliceous  material  may  have  contained.  A 
larger  quantity  of  silica  than  that  above  indicated  would  still  yield 
a  mixture  which  by  a  strong  heat  might  be  fused ;  but  it  becomes 
less  soluble  in  proportion  to  the  excess  of  silica,  till  at  length  a  point 
is  reached  at  which  it  is  no  longer  soluble  in  water  or  in  the  com- 
mon acids;  indeed  it  forms  the  basis  of  glass.  To  obtain  pure  silica, 
however,  an  excess  of  alkali  is  always  used ;  the  resulting  compound 
is  then  easily  attacked  by  acids,  in  which  it  is  wholly  dissolved,  if  the 
acid  be  dilute  and  in  sufficient  quantity.  If  the  solution  in  hydro- 
chloric acid  be  evaporated,  the  silica  separates  as  a  gelatinous  hy- 
drate, which,  by  continuing  the  heat,  forms  a  white  earthy  powder 
no  longer  soluble  in  acids :  after  being  well  washed  with  acidulated 
water  as  long  as  anything  dissolves,  and  then  dried  and  ignited,  it 
is  perfectly  pure.  In  this  form  silica,  like  charcoal  and  other 
porous  bodies,  rapidly  absorbs  aqueous  vapour  from  the  air,  without 
becoming  sensibly  moist.  Whilst  in  this  extreme  state  of  subdivi- 
sion, its  particles,  when  heated,  exhibit  a  singular  mobility ;  they 
flow  almost  like  a  liquid  when  the  crucible  containing  them  is  in- 
clined, and  they  are  scattered  by  the  least  breath  of  air.  Perfectly 
pure  silica  may  also  be  procured  by  transmitting  the  gaseous 
fluoride  of  silicon  into  water ;  part  of  its  silica  is  deposited  in  white 
flocculi,  which,  if  washed  and  ignited,  yield  silica  of  snowy  white- 
ness. Silica  may  likewise  be  obtained  nearly  pure  by  heating 
colourless  quartz  to  redness,  and  quenching  it  in  water ;  the 
mineral  by  this  treatment  becomes  friable,  and  is  then  easily  re- 
duced to  a  fine  powder :  common  flints  treated  in  a  similar  manner 
give  a  very  white  powder,  which  is  nearly  pure  silica. 

(385)  Hydrates  of  Silicic  Acid. — Insoluble  however  as  silica 
generally  appears  in  water,  a  modification  of  it  exists  which  dissolves 
completely,  though  sparingly.  When  dissolved  it  furnishes  a  taste- 
less solution,  which  does  not  redden  litmus ;  and  when  evaporated 
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at  a  gentle  heat,  the  solution  leaves  a  semi-transparent  mass,  which 
by  further  desiccation  crumbles  to  a  white  powder.  This  white 
powder  is  generally  stated  to  be  soluble  in  dilute  acids ;  but 
M.  Doveri  (A7in.  de  Chimie,  III.  xxi.  47)  has  shown  that  this  is 
an  error,  arising  from  the  perfect  transparency  which  the  hydrate 
of  silica  assumes  when  treated  with  dilute  acids.  If  the  solution 
be  filtered,  nearly  the  whole  of  the  silica  remains  on  the  filter  in  the 
form  of  a  transparent  jelly.  Silica,  in  fact,  when  once  deposited, 
even  in  the  gelatinous  form,  is  almost  insoluble  either  in  water  or 
in  acids;  but  a  large  amount  of  silica  dissolves,  in  certain  cases, 
at  the  moment  of  its  liberation  from  some  of  its  compounds 
which  are  already  in  solution.  For  instance,  if  a  dilute  solu- 
tion of  an  alkaline  silicate  be  poured  into  a  considerable  excess 
of  hydrochloric  acid,  the  whole  of  the  silica  is  retained  in  solution : 
but  from  this  acid  solution  it  may  be  precipitated  by  the  gradual 
addition  of  potash,  so  as  to  neutralize  the  acid :  and  if  to  a  solu- 
tion of  an  alkaline  silicate  in  water  hydrochloric  acid  be  gradually 
added,  the  silica  precipitates  in  a  gelatinous  form  in  proportion  as 
the  alkali  is  neutralized. 

According  to  the  experiments  of  M.  Doveri,  gelatinous  silica, 
if  dried  at  the  ordinary  temperature  of  the  air,  in  vacuo  over  sul- 
phuric acid,  retains  about  1 7  per  cent,  of  water,  which  corresponds 
to  the  sesquihydrate,  2  HO,  3Si02.  If  dried  at  212°,  half  this  quan- 
tity of  water  is  expelled,  and  a  definite  hydrate  (HO,  3  SiOg)  is  left ; 
but  at  700°  F.  it  becomes  anhydrous.  The  sesquihydrate  may  even 
be  obtained  in  a  crystalline  form.  In  order  to  effect  this,  a  solu- 
tion of  silicate  of  potash  is  mixed  with  one  of  sulphate  of  copper ; 
a  precipitate,  consisting  of  silicate  of  copper  and  of  hydrate  of  silica, 
is  formed ;  after  washing  the  precipitate  by  decantation,  it  is  treated 
with  hydrochloric  acid,  which  dissolves  the  silicate  of  copper ;  the 
liquid  is  filtered  from  a  portion  of  undissolved  silica.  On  transmit- 
ting a  current  of  sulphuretted  hydrogen  through  the  filtered  liquid 
the  copper  is  wholly  precipitated  as  sulphide,  whilst  the  solution 
retains  pure  silica  dissolved  in  hydrochloric  acid:  the  excess  of  sul- 
phuretted hydrogen  is  easily  expelled  by  heat.  The  hydrochloric 
solution  of  silica,  if  placed  in  vacuo  over  quick  lime,  as  it  evaporates 
yields  sesquihydrate  of  silica,  partly  in  the  form  of  a  white  amor- 
phous powder,  but  chiefly  in  that  of  radiated  tufts  of  plates,  or 
needle-shaped  crystals,  which  are  transparent,  and  possess  a  high 
lustre. 

Mr.  Way  {Quart.  Journ.  Chem.  Soc.  vi.  102)  has  recently  called 
attention  to  the  existence  of  beds  situated  at  the  base  of  the  chalk 
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formation,  between  the  upper  greensand  and  the  gault^  which  con- 
tain a  large  proportion  of  siUca  in  the  hydrated  condition :  the 
proportion  of  hydrated  silica  in  these  deposits  varies  very  greatly, 
ranging  from  5  to  as  mnch  as  72  per  cent.,  being  most  abundant 
in  the  upper  portion  of  the  deposit. 

Insoluble  silicic  acid  may  be  gradually  converted  into  the  soluble 
variety  by  long  digestion  with  solutions  of  the  alkalies.  Even 
flints  in  their  unground  condition  may  be  dissolved  in  strong  solu- 
tions of  caustic  alkali,  if  the  solution  be  digested  upon  them  under 
pressure  at  a  temperature  of  between  300°  and  400°  F.  The 
very  concentrated  solution  of  silicate  of  potash  or  of  soda  of  glairy 
consistence  which  may  thus  be  formed,  has  been  used  by  Mr.  F. 
Ransome,  of  Ipswich,  as  a  cement  for  consolidating  siliceous  sand 
into  an  artificial  stone : — finely  divided  siliceous  sand,  mixed  with 
suitable  colouring  material,  is  moistened  with  this  cement,  and 
pressed  into  moulds ;  after  gradual  drying  the  mass  is  fired  :  at  a 
high  temperature  the  silicate  becomes  semivitrified,  and  aggluti- 
nates the  grains  of  sand ;  a  very  hard,  durable,  artificial  sandstone, 
which  previous  to  being  fired  can  be  moulded  into  any  desired 
form,  is  thus  obtained.  Finely  divided  hydrate  of  silica  is  also  dis- 
solved by  the  alkaline  carbonates  :  the  carbonates  are  only  partially 
decomposed  by  the  silica  that  dissolves.  It  appears  to  be  owing 
to  the  solubility  of  silica  in  solutions  of  the  carbonates  that  almost 
all  spring  and  river  waters  contain  silica  in  solution  in  minute 
quantity;  on  evaporation  the  silica  is  obtained  in  the  insoluble 
form.  When  the  action  of  the  alkaline  liquid  is  aided  by  that  of 
a  high  temperature,  as  is  the  case  with  the  Geysers,  or  boiling 
springs  of  Iceland,  very  large  quantities  of  silica  are  dissolved^ 
which,  as  the  liquid  cools,  are  deposited  as  '^  petrifactions'  on 
surrounding  objects  exposed  in  the  basin  or  in  the  stream. 

Silica  also  exists  in  the  soluble  form  in  a  class  of  minerals 
termed  zeolites,  which  are  hydrated  siliceous  compounds  (571) 
found  in  the  cavities  of  the  amygdaloid  rocks.  The  zeolites,  if 
finely  powdered,  and  treated  with  hydrochloric  acid,  swell  up  to  a 
transparent  jelly ;  this  gelatinous  mass  is  the  hydrate  of  silica. 

These  observations  on  the  various  conditions  under  which  silica 
may  be  rendered  soluble  derive  their  interest  from  the  extensive 
formation  of  crystallized  silica,  so  abundantly  difi'ased  over  the 
surface  of  the  earth.  The  zeolites  may  have  been  obtained  by 
deposition  from  solution;  calcedony  possibly  by  spurious  subliraa* 
tion ;  quartz  and  agate  by  crystallization  from  an  aqueous  solution. 

(386)  Silicates. — The  silicates  are  most  abundant  natural  pro* 
ductions.     All  the  forms  of  clay,  felspar,  mica,  horxiblende,  and  a 
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large  number  of  other  common  minerals,  are  compounds  of  this 
description. 

Silica  combines  with  bases  in  several  different  proportions ; 
most  of  its  compounds  are  found  in  the  form  of  crystallized 
minerals,  many  of  which  are  double  silicates  of  very  complex  com- 
position. The  combinations  with  bases  which  are  of  most  usual 
occurrence  belong  to  one  or  other  of  the  following  classes : — 

Examples.  Formulae. 

C  Silicate  of  lime  2CaO,  sSiOg 

.MO,3SiO,.  orSesquisilicates     ^ara?etX'ati'^f )  .MgO.  aSiO.+.HO 

V.   magnesia) 

MO,   SiOa      !N'eutral  silicates 


.MO.SiO,     Dibasic  silicates     [^ge  cinder       lfe8,^hf'^'''\ 
C  Bisilicates.     The  composition  of  many  of  the  ordinary  varieties 

MO,  2  Si02  \      of  glass  may  be  approximatively  represented  by  mixtures  of 
(.     dijSTerent  silicates  which  have  this  formula. 

In  the  above  formulae,  MO  stands  for  i  equivalent  of  any  metallic 
protoxide,  such  as  lime,  magnesia,  or  protoxide  of  iron. 

Most  of  the  silicates  are  fusible ;  their  fusibility  increases 
by  mixture  with  each  other ;  those  which  contain  readily  fusible 
oxides  melt  at  the  lowest  temperature,  and  in  general  the  basic 
silicates  fuse  more  readily  than  those  which  are  neutral  in  composi- 
tion, or  which  contain  excess  of  acid.  All  the  silicates  are  insoluble 
in  water,  with  the  exception  of  silicates  of  the  alkalies  which  contain 
a  large  amount  of  base.  The  hydrated  silicates,  and  those  which 
contain  the  largest  proportion  of  base,  are  those  most  easily  decom- 
posed by  acids;  but  the  anhydrous  neutral  and  acid  silicates  of 
the  earths  are  not  decomposed  by  any  acj^  except  the  hydrofluoric. 
The  silicates  may  be  detected  by  fusing  them  with  carbonate  of 
soda  or  of  potash,  and  then  heating  the  residue  with  acid,  and  evapo- 
rating to  dryness;  on  treating  what  is  left  with  hot  water,  the 
silica  remains  undissolved  in  the  form  of  a  white  powder,  which, 
when  fused  with  carbonate  of  soda  upon  platinum  foil  before  the 
blowpipe,  yields  a  colourless  bead  of  glass. 

The  acid  character  is  so  feebly  marked  in  silica,  that  the  ordi- 
nary vegetable  acids,  such  as  the  acetic,  oxalic,  and  the  tartaric,  pre- 
cipitate silica  from  its  combinations  with  the  alkalies ;  and  a  current 
of  carbonic  acid  gas,  or  even  the  gradual  absorption  of  carbonic  acid 
from  the  atmosphere,  produces  a  similar  result.  At  a  high  tem- 
perature, however,  the  action  is  reversed;  for  as  silica  is  not 
volatilized  to  any  perceptible  extent  by  the  heat  of  a.  furnace,  it 
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decomposes  the  carbonates  and  the  salts  of  all  the  volatile  acids 
when  ignited  with  them ;  thus  even  the  sulphates  yield  up  their 
bases  to  the  silica,  whilst  the  sulphuric  acid  is  expelled. 

(387)  Sulphide  of  Silicon^  SiSg;  Equivalent,  46*24. — A  sul- 
phide corresponding  in  composition  to  silicic  acid  is  formed  by- 
transmitting  the  vapour  of  bisulphide  of  carbon  over  a  mixture  of 
finely  divided  silica  and  carbon :  and  when  either  compact  or  pul- 
verulent silicon  is  strongly  heated  in  an  atmosphere  of  sulphur, 
combustion  occurs  with  a  red  glow,  and  a  white  earthy  looking 
sulphide,  which  rapidly  absorbs  moisture  from  the  air,  is  the  result : 
it  is  completely  soluble  in  water,  but  it  is  decomposed  as  it  dis- 
solveSj  in  the  manner  shown  in  the  following  equation  : — 

SiS2  +  2HO  =  Si02  +  2  HS, 
sulphuretted  hydrogen  and  soluble  silica  being  formed :  the  latter 
may  be  obtained  as  a  jelly  by  evaporation. 

(388)  Chloride  of  Silicon,  (SiCy  ;  Eq.,  85*24;  Combining 
volume  as  vapour,  2. — This  compound  may  be  formed  by  heating 
silicon  in  chlorine,  or  more  economically  by  the  following  indirect 
method.  Finely  powdered  silica  is  made  up  into  a  paste  with  oil  and 
charcoal,  heated  in  a  covered  crucible,  and  the  charred  mass  in  frag- 
ments is  transferred  to  a  porcelain  tube,  ignited  and  subjected  to 
a  current  of  dry  chlorine  :  neither  chlorine  nor  carbon  separately  can 
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decompose  silica,  but  together  they  effect  it  easily ;  carbonic  oxide 
escaping,  whilst  chloride  of  silicon  is  formed ;  SiOa  +  CI2  +  2  C  = 
3  CO  +  SiClg.  The  product  is  received  into  vessels  cooled  with  a 
freezing  mixture.  Fig.  271  shows  a  form  of  apparatus  by  which  the 
chloride  may  be  readily  prepared  :  d  is  a  porcelain  tube,  which  con- 
tains the  mixture  of  charcoal  and  silica ;  chlorine  is  liberated  from 
the  flask,  a,  washed  with  water  in  b,  dried  by  passing  over  pumice 
and  sulphuric  acid  contained  in  the  tube  c,  and  allowed  to  pass 
through  the  tube  d,  which  with  its  contents  is  exposed  to  a  red 
heat  in  the  furnace ;  the  chloride  of  silicon  distils  over  into  the 
bent  tube,  e,  where  it  is  condensed  by  immersion  in  a  freezing 
mixture  of  ice  and  salt ;  a  tube  fused  into  the  bend  of  the  tube  e, 
conveys  the  chloride  into  a  bottle,  g,  which  may  also  be  kept  cool 
by  ice. 

Chloride  of  silicon  is  a  transparent  colourless  liquid,  which 
has  a  pungent,  acid,  irritating  odour  ;  it  fumes  strongly  in  the  air,  is 
very  volatile,  and  boils  at  138°  F.  According  to  Pierre,  the  spe- 
cific gravity  of  the  liquid  at  32°  F.  is  1*5237.  Its  vapour  has  a 
specific  gravity  of  5"939.  In  this  vapour  4  volumes  of  chlorine 
and  I  equivalent  of  silicon  are  condensed  into  2  volumes.  Water 
immediately  decomposes  it,  depositing  hydrated  silica,  and  forming 
hydrochloric  acid.  The  liquid  chloride  does  not  act  on  potassium, 
but  if  the  metal  be  heated  in  its  vapour,  chloride  of  potassium  is 
produced,  and  silicon  is  set  free ;  by  washing  it,  the  latter  may  be 
procured  in  a  state  of  purity.  Berzelius  recommends  this  as  one 
of  the  best  methods  of  obtaining  silicon. 

Two  compounds  between  the  sulphide  and  the  chloride  of 
silicon  have  been  obtained;  they  may  be  represented  by  the 
formulje  (SiS2  +  2  SiCy  and  (2SiS2  +  SiCy. 

Bromide  of  Silicon  (SiBrg),  is  analogous  in  properties  to  the 
chloride :  it  may  be  formed  in  a  similar  manner. 

(389)  Fluoride  of  Silicon,  (SiFg) ;  Eq.,  52*24;  Specific 
Gravity,  3*60 ;  Combining  Volume,  2. — The  fluoride  is  one  of  the 
most  remarkable  compounds  of  silicon :  so  powerful  is  the  affinity 
between  fluorine  and  silicon  that  hydrofluoric  acid  separates  silicon 
from  its  most  intimate  combinations,  such  as  silicic  acid  and 
glass. 

In  order  to  prepare  the  fluoride  of  silicon,  equal  parts  of 
finely  powdered  fluorspar  and  siliceous  sand,  or  coarsely  powdered 
glass,  are  mixed  in  a  capacious  flask  or  retort,  with  6  parts  of  sul- 
phuric acid.  On  the  application  of  heat,  a  colourless  gas,  with  a 
peculiar  pungent  acid  odour,  is  given  off;  hydrofluoric  acid  islibe- 
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rated,  and  this  immediately  attacks  the  silica,  as  is  shown  in  the 
following  representation  of  the  reaction  : — 

a  CaF  +  2  HO,  S03  =  !2  CaO,  SO3  +  3  HF, 

and  %  HF  +  Si02  =  SiF2  +  ^  HO. 
It  fumes  strongly  in  air  ;  it  is  not  inflammable,  but  extinguishes 
a  lighted  taper ;  under  strong  pressure  it  was  liquefied  by  Faraday  ; 
and  according  to  M.  Natterer  it  becomes  solid  at  — 120^  F. 
The  gas  is  dissolved  and  partially  decomposed  by  water,  it  must 
therefore  be  collected  over  mercury,  and  in  jars  which  have  been  per- 
fectly dried,  at  a  high  temperature ;  the  slightest  trace  of  moisture 
on  the  surface  of  the  jar,  causes  a  deposition  of  silica,  which  adheres 
very  firmly  to  the  glass  and  renders  it  opalescent.-  Fluoride  of 
silicon  combines  with  twice  its  volume  of  ammoniacal  gas,  and 
forms  with  it  a  crystalHne  volatile  compound. 

(390)  SiLicoFLUORic  Acid  :  HydrofluosiUcic  Acid,  (HF,  SiFg) ; 
Eq.,  "JTI^.  —  When  a  stream  of  gaseous  fluoride  of  silicon  is 
transmitted  through  water,  it  is  partially  decomposed  and  partially 
dissolved.  Two  equivalents  of  water  re-act  on  3  equivalents  of  the 
fluoride,  and  produce  the  silicofluoric  acid,  which  dissolves,  whilst 
one-third  of  its  silicon  is  deposited  as  silicic  acid : — 

3  SiF2  +  2HO  =  Si02  +  2  (HF,  SiF^). 
To  prepare   this  acid,  the   tube  from  which   the   fluoride   is 
escaping  must  not  plunge  at   once  into  water,  otherwise   it  will 
speedily  become  obstructed  by  the  deposited  silica.      It  is  there- 
fore   necessary  to    place   a 


Fig.  272. 


little  mercury  at  the  bottom 
of  the  vessel  to  prevent  the 
contact  of  water  with  the 
tube,  which  must  dip  be- 
neath the  mercury,  as  shown 
in  fig.  272.  Each  bubble 
as  it  rises  becomes  sur- 
rounded by  a  siliceous  en- 
velope, and  finally  the  liquid 
sets  into  a  gelatinous  mass : 
the  acid  liquid  is  separated 
by  pressure  in  linen  from 
the  deposit,  which  when 
freed  from  adhering  acid, 
constitutes  a  pure  hydrate 
of  silica. 
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A  saturated  solution  of  silicofluoric  acid  forms  a  very  sour, 
fuming  liquid :  when  dilute  it  produces  transparent  jellylike  pre- 
cipitates in  the  alkaline  salts;  it  is  frequently  employed  as  a 
precipitant  of  potash.  With  salts  of  baryta  the  acid  gives  a  white 
crystalline  precipitate. 

In  solution  it  does  not  attack  glass ;  but  it  does  so  if  allowed 
to  evaporate  upon  it ;  the  fluoride  of  silicon  volatilizes,  leaving  free 
hydrofluoric  acid,  which  reacting  on  the  silica  produces  water  and 
fluoride  of  silicon,  as  in  the  ordinary  process  for  making  that  gas : 

2  HF  +  Si02  =  SiFg,  +  2  HO.  SiUcofluoric  acid  combines  with  bases 
to  form  salts,  if  the  base  be  not  added  in  excess ;  if  an  excess  of 
base  be  employed,  silica  is  precipitated,  and  the  whole  of  the 
fluorine  is  separated  as  a  metallic  fluoride.  In  the  first  case  the 
action  may  be  thus  represented  :  KO  +  (HF,  SiFg)  =  HO  + 
(KF,  SiFa).      In  the  second  case :  3  KO  +  (HF,  SiY^)  =  HO  + 

3  KF  +  SiO^. 


§   II.  Boron. 
Symbol,  B ;  Equivalent,  10*9. 

(391)  Boron  is  the  combustible  radical  of  the  acid  contained 
in  borax,  whence  it  derives  its  name.  In  nature  it  is  always  met 
with  in  combination  with  oxygen.  It  is  a  body  which  occurs 
in  comparatively  sparing  quantities,  and  only  in  a  few  localities. 
In  its  properties,  and  its  mode  of  combination,  it  presents  consider- 
able analogy  with  silicon. 

Boron  is  most  advantageously  obtained  by  a  process  ana- 
logous to  that  employed  in  the  case  of  silicon.  The  borofluoride 
of  potassium,  a  sparingly  soluble  salt,  is  made  by  saturating 
hydrofluoric  with  boracic,  acid,  neutralizing  by  carbonate  of 
potash,  and  washing  the  compound  with  cold  water;  it  is  then 
dried  at  a  heat  a  little  below  redness.  ^Tien  cold  it  is  mixed 
with  an  equal  weight  of  potassium,  and  heated  in  a  covered 
iron  crucible.  The  fluoride  of  potassium  is  removed  by  hot  water. 
KF,  BF3  +  3  K  =  4  KF  +  B. 

Boron  is  a  dull  olive  green  powder,  which,  before  it  has  been 
strongly  ignited,  soils  the  fingers,  and  is  dissolved  by  pure  water  in 
small  quantity,  forming  a  greenish  yellow  solution ;  it  is,  however, 
precipitated  unchanged  on  adding  a  little  solution  of  sal  ammoniac. 
Boron  is  not  acted  on  by  exposure  to  air,  to  water,  or  to  solu- 
tions of  the  alkalies,  whether   cold  or  boiling.      It  is,  however. 
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easily  oxidized  when  treated  with  nitric  acid  or  with  aqua  regia. 
After  exposure  to  intense  heat  in  vessels  from  which  air  is  excluded, 
it  becomes  denser,  and  darker  in  colour,  but  shows  no  signs  of  fusion 
or  volatilization.  As  first  obtained,  boron  exhibits  a  strong  affinity 
for  oxygen,  and  takes  fire  below  redness,  if  heated  in  air  or  oxygen ; 
it  burns  with  a  red  light,  emitting  vivid  scintillations  :  it  is  thus  con- 
verted superficially  into  boracic  acid,  which  melts  and  protects  a 
portion  of  the  boron.  If  mixed  with  nitre  it  deflagrates  powerfully, 
and  when  fused  with  carbonate  of  potash,  it  decomposes  the  carbonic 
acid,  setting  charcoal  free,  and  forming  borate  of  potash.  Boron, 
like  silicon,  is  a  non-conductor  of  electricity. 

(392)  Boracic  Acid,  (BO3) ;  Eq.  35.  —  This  acid,  which  is 
considered  as  a  teroxide  of  boron,  is  the  only  known  compound  of 
oxygen  and  boron.  It  is  found  in  the  uncombined  state  in  some 
volcanic  districts,  where  it  issues  in  small  quantity  along  with 
the  jets  of  steam  or  fumerolles,  maintained  by  the  action  of  sub- 
terranean fire.  These,  in  some  parts  of  Tuscany,  are  directed  into 
small  lagoons,  or  artificial  basins,  such  as  those  shown  in  fig.  273, 

Fig.  273. 


the  waters  of  which  on  evaporation  yield  a  crude  boracic  acid, 
from  which  a  large  proportion  of  the  borax  of  commerce  is  now 
manufactured.  According  to  the  ingenious  suggestion  of  Larde- 
rello,  the  heat  supplied  by  the  fumerolles  themselves  is  employed 
in  this  evaporation.  Water  from  the  adjacent  springs  is  directed  into 
the  uppermost  basin,  a ;  here  it  stays  twenty -four  hours,  and  is  run 
off  after  successive  intervals  of  twenty -four  hours  into  each  of  the 
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four  lower  basins,  b,  c,  d,  e.  From  the  last  of  these  it  flovrs  into 
settling  vats,  /,  /,  where  in  the  course  of  twenty-four  hours  more, 
the  suspended  matters  subside.  The  supernatant  liquid  is  then 
decanted  into  shallow  leaden  evaporating  pans,  g,  g,  heated  by  the 
vapours  of  several  fumerolles,  which  circulate  underneath  in  flues, 
h,  arranged  for  the  purpose.  In  twenty-four  hours  the  liquor  is 
reduced  to  about  half  its  bulk  ;  it  is  then  transferred  to  a  smaller 
pan,  on  a  lower  level,  where  it  evaporates  for  twenty-four  hours 
longer  :  it  is  again  transferred  to  a  smaller  pan,  when  after  the  lapse 
of  twenty -four  hours  more,  it  is  sufficiently  concentrated  to  crystal- 
lize on  cooling.  Sulpliate  of  lime  in  abundance. is  deposited  in  the 
pans  during  these  evaporations,  and  it  requires  removal  from  time 
to  time.  Pay  en  stated  in  1841,  that  750  tons  of  boracic  acid  are 
thus  annually  procured  from  Tuscany.  This  crude  acid,  however, 
contains  only  about  three-quarters  of  its  weight  of  the  pure  crystals, 
the  remainder  consisting  principally  of  sulphate  of  ammonia  with 
small  quantities  of  sulphate  of  alumina,  and  of  other  alkaline  and 
earthy  sulphates,  and  a  small  proportion  of  silica. 

The  commercial  acid  is  purified  by  adding  carbonate  of  soda  to 
saturation,  and  thus  forming  borax,  which  is  obtained  nearly  pure 
by  crystallization  (494). 

To  obtain  the  acid,  purified  borax  is  dissolved  in  4  parts  of 
boiling  water,  and  to  the  hot  solution,  oil  of  vitriol  equal  in  weight 
to  that  of  one-fourth  of  the  borax  employed,  diluted  with  a  little 
water,  is  added.  The  sparingly  soluble  boracic  acid  crystallizes  out 
on  cooling,  in  pearly  looking  scales  which  have  a  greasy  feel ;  they 
contain  3  equivalents  of  water.  In  this  process  sulphate  of  soda 
is  formed,  and  boracic  acid  is  liberated.  It  is  not  however  quite 
pure,  as  it  always  retains  a  little  sulphuric  acid.  To  remove  this, 
the  crystals  are  washed  with  ice-cold  water,  dried,  and  fused  in  a 
platinum  crucible,  and  on  re-dissolving  it  in  four  times  its  weight 
of  boiling  water,  the  acid,  as  it  recrystallizes,  is  obtained  perfectly 
pure. 

The  crystals  of  boracic  acid  effloresce  and  lose  two-thirds  of 
their  water  at  a  gentle  heat,  and  at  a  slight  increase  of  tempera- 
ture become  anhydrous ;  at  a  red  heat  or  a  little  below,  boracic 
acid  fuses  to  a  transparent,  viscid,  ductile  glass,  which  remains 
clear  as  it  cools.  It  gradually  absorbs  moisture  from  the  air,  and 
crumbles  to  pieces. 

Boracic  acid  communicates  to  its  compounds  the  property  of 
ready  fusibility ;  indeed  it  is  chiefly  on  this  account  that  it  is 
valued.     Many  of  the   borates  are  admirably  adapted  for  fluxes. 
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wliich  are  applied  in  glazes  for  porcelain^  and  in  the  melting  of 
gold  and  silver. 

Boracic  acid  is  sparingly  soluble  in  cold  water,  but  it  dissolves 
in  three  times  its  weight  of  boiling  water :  the  solution  has  a 
bitterish  and  scarcely  sour  taste ;  it  turns  turmeric  paper  brown, 
like  an  alkali;  it  gives  to  litmus  a  purplish-red  tint,  instead  of 
the  usual  bright  red  of  the  stronger  acids.  It  gradually  decomposes 
solutions  of  the  carbonates  even  in  the  cold ;  but,  on  the  other 
hand,  a  brisk  current  of  carbonic  acid  or  of  sulphuretted  hydrogen 
will  cause  a  separation  of  boracic  acid  in  crystals  from  a  strong 
solution  of  borax.  Boracic  acid  dissolves  in  alcohol,  and  the  solu- 
tion burns  with  a  characteristic  green  flame.  It  is  not  possible  to 
evaporate  a  solution  of  boracic  acid  either  in  alcohol  or  in  water 
witliout  losing  a  portion  of  the  acid,  as  the  vapour  always  carries 
with  it  an  appreciable  amount  of  the  acid  :  if  steam  at  a  high 
temperature  be  transmitted  over  boracic  acid  the  acid  is  volati- 
lized in  considerable  quantities.  It  appears  to  be  in  this  manner 
that  in  Tuscany  the  supply  of  acid  is  raised  to  the  surface  by  the 
jets  of  steam  which  issue  from  the  strata  below  (Fig.  273). 

Anhydrous  boracic  acid  is  but  very  slowly  volatilized  by 
ignition,  and  hence,  though  an  exceedingly  feeble  acid,  it  at  high 
temperatures  expels  all  acids  more  volatile  than  itself  when  fused 
with  their  salts.  It  enters  into  combination  with  the  alkaline  bases 
in  a  great  variety  of  proportions,  resembling  silicic  acid  in  this 
respect,  as  in  some  others.  Although  many  of  these  salts  contain 
more  than  i  equivalent  of  acid,  they  all  restore  the  colour  of  red- 
dened litmus  paper.  A  sexborate  of  potash  (KO,  6  BO3,  10  aq) 
may  be  obtained  in  crystals,  and  a  triborate  (KO,  3  BO3,  8  aq)  has 
also  been  crystallized.  The  alkaline  borates  are  freely  soluble, 
those  of  the  other  bases  are  only  imperfectly  soluble ;  none  of  the 
borates,  however,  are  so  insoluble  as  to  furnish  an  accurate  mode 
of  ascertaining  the  quantity  of  boracic  acid  present  in  solution  by 
the  formation  of  a  precipitate.  All  the  sparingly  soluble  borates 
are  dissolved  by  dilute  nitric  acid.  In  analysing  a  borate  it  is 
usual  to  determine  the  amount  of  all  the  other  acids  and  bases, 
and  other  constituents,  and  to  estimate  the  deficiency  as  boracic  acid. 

(393)  A  sulphide  and  a  chloride  of  boron  may  be  prepared  by 
methods  similar  to  those  employed  to  obtain  the  corresponding 
compounds  of  silicon.  The  chloride  of  boron  (BCI3),  eq.  117*5,  ^^ 
gaseous  at  ordinary  temperatures ;  it  fumes  strongly  in  air,  and  is 
instantly  decomposed  by  water  into  hydrochloric  and  boracic  acids. 
It  has  a  sp.  gr.  of  407 9,  and  contains  i  equivalent  of  boron,  and 
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3  equivalents^  or  6  volumes  of  clilorine  condensed  into  the  space  of 

4  volumes ;  %  volumes  of  this  chloride  unite  with  3  volumes  of 
ammonia,  and  condense  to  a  volatile  crystalline  saline  body. 

(394)  Fluoride  of  Boron,  (BF3) ;  Equivalent y  68 ;  Specific 
Gravity,  2.312  (Dumas). — With  fluorine  boron  forms  a  compound 
analogous  to  the  fluoride  of  silicon.  It  is  best  prepared  as  follows : 
2  parts  of  fluorspar  and  i  of  vitrified  boracic  acid,  both  in  fine 
powder,  are  intimately  mixed,  and  intensely  ignited  in  a  wrought- 
iron  tube  closed  at  one  end  :  decomposition  occurs  thus :  3  CaF  -h 
4  BO3  =  3  (CaO,  BO3)  4-  BF3.  Borate  of  lime  remains  in  the 
tube,  and  the  fluoride  of  boron  passes  over  as  colourless  gas,  which 
may  be  collected  over  mercury.  It  does  not  support  combustion ; 
it  has  an  irritating  odour,  and  fumes  densely  in  the  air.  It  is  in- 
stantly absorbed  by  water,  which  dissolves  700  times  its  volume  of 
the  gas,  with  rapid  rise  of  temperature,  whilst  it  increases  in  density 
to  1*77^  and  forms  a  dense,  fuming,  and  corrosive  acid  liquid,  which 
chars  organic  matter  as  powerfully  as  oil  of  vitriol.  This  solution  has 
been  called  boro fluoric  acid:  when  heated,  a  part  of  the  gas  escapes, 
and  the  specific  gravity  of  the  liquid  becomes  reduced  to  i'584; 
when  of  this  density  it  distils  unchanged,  and  contains  2  equiva- 
lents of  water.  The  reaction,  when  the  gas  comes  into  contact 
with  water  is  sufficiently  simple,  BF3  4-  3  HO,  =  (BO3,  3  HF);  the 
formula  of  the  aqueous  solution  becomes  BO3,  3  HF,  2  aq.  Boro- 
fluoric  acid  is  also  easily  prepared  by  saturating  hydrofluoric  acid 
with  boracic  acid,  keeping  the  mixture  cool,  and  then  concentrating 
it  in  platinum  vessels  till  dense  fumes  arise. 

When  largely  diluted  with  water,  one-fourth  of  the  boron  sepa- 
rates as  boracic  acid,  and  another  compound  is  found  in  solution 
termed  hydrofluoboric  acid.  In  composition  this  body  somewhat 
resembles  the  silicofluoric  acid,  though  it  is  not  strictly  analogous 
to  it.  Its  formation  is  readily  explained  by  the  following  equa- 
tion, from  which  it  will  be  seen  that  hydrofluoboric  acid  contains 
the  elements  of  i  equivalent  of  hydrofluoiic  acid  and  i  equivalent 
of  fluoride  of  boron  : — 

4  BF3  +  3  HO  =  BO3  +  3  (HF,  BF3). 

So  strong  is  the  tendency  to  the  formation  of  this  compound  in 
dilute  solutions,  that  if  boracic  acid  be  added  to  a  solution  of 
fluoride  of  potassium  or  of  ammonium,  for  each  equivalent  of  boracic 
acid  present,  3  equivalents  of  potash  or  of  ammonia  are  liberated; 
and  fluoboride  of  the  base  is  formed ;  for  example, 

4  KF  -h  BO3  =  (KF  +  BF3)  +  3  KO. 

s  s  2 
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(395)  -ZVi/nc?e  of  Boron  (BN). — Boron  combines  with  nitrogen 
to  form  a  white  insoluble  compound_,  discovered  by  Mr.  Balmain, 
which  may  be  easily  prepared  according  to  Wohler^s  plan  (Q.  /. 
Chem.  Soc.  iii.  167)  : — i  part  of  anhydrous  borax  is  mixed  with 
2  parts  of  sal  ammoniac,  and  heated  to  full  redness  in  a  covered 
platinum  crucible;  a  white,  infusible,  porous  mass  is  left,  which 
when  boiled  with  dilute  hydrochloric  acid  and  well  washed,  yields 
the  nitride  of  boron  as  a  white,  light,  amorphous  powder,  which 
feels  like  talc  when  rubbed  upon  the  skin.  It  may  be  heated  in 
hydrogen  or  chlorine  without  change,  and  is  but  very  slowly  acted 
upon  by  concentrated  acids  or  alkaline  solutions;  but  when  fused 
with  hydrate  of  potash  it  is  resolved  into  ammonia  and  boracic 
acid,  which  latter  combines  with  the  potash.  In  a  current  of  steam 
it  is  completely  decomposed  into  borate  of  ammonia;  BN  +  4  HO  = 
H4NO,  BO3. 


CHAPTER  IX. 

OTHER    COMPOUNDS    OF    THE    NON-METALLIC    ELEMENTS. 

§  I.  Compounds  of  Hydrogen  and  Oxygen. 

(396)  Binoxide  of  Hydrogen,  (HO2);  Equivalent,  17;  Specific 
Gravity  of  the  Liquid,  1*453. — Water  is  not  the  only  compound  of 
oxygen  with  hydrogen.  M.  Thenard,  in  the  year  1818,  discovered  a 
remarkable  substance,  which,  as  it  contains  2  equivalents  of  oxygen 
in  combination  with  i  of  hydrogen,  is  termed  binoxide  of  hydrogen. 
It  is  a  colourless  liquid,  of  syrupy  consistence,  with  an  odour  some- 
what resembling  that  of  chlorine  very  much  diluted ;  it  has  never 
been  frozen.  It  is  a  very  unstable  compound;  a  temperature  of  about 
70°  F.  is  sufficient  to  cause  the  oxygen  to  begin  to  escape  in  small 
bubbles,  and  when  heated  to  the  temperature  of  boiling  water,  the 
gas  is  evolved  with  a  rapidity  almost  amounting  to  an  explosion. 
The  liquid  mixes  with  water  in  all  proportions ;  and  when  diluted 
it  is  less  easily  destroyed  by  elevation  of  temperature,  though  ebul- 
lition for  a  few  minutes  is  sufficient  to  expel  the  whole  of  the 
additional  equivalent  of  oxygen,  water  alone  remaining.  This 
circumstance  furnishes  an  easy  method  of  analysing  the  binoxide 
of  hydrogen.  A  given  weight  of  the  liquid  is  placed  in  a  small 
retort,  and  diluted  with  ten  or  twelve  times  its  bulk  of  water ;  the 
temperature  is  raised  to  ebullition,  oxygen  is  given  off  freely,  and 
the  gas  is  collected  over  mercury,  and  measured  when  cool :  the 
weight  of  the  oxygen  can  be  calculated  from  its  bulk,  and  deducting 
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the  weight  thus  obtained  from  that  of  the  binoxide  operated  upon, 
it  will  be  found  that  for  each  8  grains  of  oxygen  expelled,  9  of 
water  remain;  consequently,  as  water  contains  i  grain  of  hydro- 
gen combined  with  8  of  oxygen,  the  binoxide  of  hydrogen  will 
contain  i  grain  of  hydrogen  united  with  16  grains  of  oxygen. 

Binoxide  of  hydrogen  bleaches  solution  of  litmus,  and  many 
vegetable  colours ;  a  drop  of  it,  if  placed  upon  the  tongue,  blanches 
it,  and  destroys  sensation  for  a  time;  the  taste  of  the  liquid  is 
astringent  and  somewhat  metallic.  By  means  of  binoxide  of  hy- 
drogen the  black  sulphide  of  lead  (PbS)  is  converted  into  sulphate 
of  the  metal  (PbO,  SO3),  and  many  metallic  protoxides  become 
oxidized  to  the  maximum. 

The  binoxide  of  hydrogen,  however,  is  not  only  decomposed 
by  substances  which  possess  an  affinity  for  oxygen,  but  the  mere 
contact  of  many  finely  divided  metals  and  metallic  oxides  which  do 
not  undergo  any  permanent  change,  occasions  its  decomposition; 
gold,  silver,  and  platinum  produce  an  instantaneous  evolution  of 
oxygen  gas,  which  is  the  more  rapid  the  finer  the  subdivision  of 
the  body  by  which  the  decomposition  is  occasioned.  A  similar 
efiFect  is  produced  by  contact  with  the  oxides  of  these  metals,  or 
with  the  peroxide  of  manganese  or  of  lead.  It  is  especially  to  be 
remarked  that  the  oxides  of  silver,  of  gold,  and  of  platinum,  not 
only  decompose  the  binoxide,  but  they  are  themselves  reduced  to 
the  metallic  state.  These  decompositions  are  all  rendered  less 
rapid  by  the  addition  of  a  few  drops  of  sulphuric  or  hydrochloric 
acid,  but  are  hastened  by  the  addition  of  a  little  free  alkali. 

Owing  to  the  unstable  character  of  the  binoxide  of  hydrogen, 
its  preparation  is  attended  with  great  difficulty,  although  in  prin- 
ciple the  process  is  simple.  An  indirect  method  is  resorted  to  for 
procuring  it :  caustic  baryta  (BaO),  when  heated  to  dull  redness  in 
a  current  of  oxygen  gas,  combines  with  an  additional  equivalent  of 
oxygen,  and  becomes  peroxide  of  barium  (BaO^):  when  this  sub- 
stance is  moistened  with  water  it  forms  a  hydrate  (BaOa  +  6  HO). 
The  binoxide  of  hydrogen  is  obtained  from  this  hydrated  compound 
by  decomposing  it  by  means  of  hydrochloric  acid.  The  hydrated 
peroxide  of  barium  is  reduced  to  a  paste  by  grinding  it  in  a  mortar 
with  water,  and  is  added  in  small  quantities  at  a  time  to  hydro- 
chloric acid  diluted  with  water,  and  kept  cool  by  immersing  the 
vessel  in  ice  and  water;  the  peroxide  gradually  dissolves  without 
effervescence,  chloride  of  barium  and  binoxide  of  hydrogen  being 
formed,  as  is  shown  in  the  following  equation  : — 

HO,  BaOa  +  HCl  yield  HO^  +  HO  +  BaCl. 
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When  tlie  liydrocliloric  acid  is  nearly  saturated  with  the  peroxide, 
the  chloride  of  barium  is  decomposed  by  the  cautious  addition  of 
diluted  sulphuric  acid ;  an  insoluble  sulphate  of  baryta  precipitates, 
hydrochloric  acid  is  set  free,  and  is  able  to  decompose  a  fresh 
quantity  of  peroxide  of  barium,  which  must  be  added  with  the 
same  precautions  as  at  first.  The  addition  of  sulphuric  acid  pro- 
duces no  change  on  the  binoxide  of  hydrogen  which  is  present  in 
the  solution  :  it  is  merely  an  expedient  for  getting  rid  of  the 
baryta  and  liberating  the  hydrochloric  acid. 

The  sulphate  of  baryta  is  next  removed  by  filtration,  and  the 
liquid  thus  left,  is  simply  a  very  dilute  solution  of  binoxide  of  hydro- 
gen with  an  excess  of  hydrochloric  acid.  This  acid  is  again  able  to 
decompose  a  fresh  portion  of  the  binoxide  of  barium.  The  same 
series  of  operations  is  repeated  upon  the  liquid  three  or  four  times 
in  succession,  alternately  adding  binoxide  of  barium,  and  removing 
the  barium  in  the  form  of  sulphate  of  baryta,  until  a  liquid  is 
obtained  which  consists  of  dilute  binoxide  of  hydrogen  containing 
thirty  or  forty  times  its  bulk  of  oxygen,  and  a  large  quantity  of 
hydrochloric  acid.  The  hydrochloric  acid  has  now  to  be  removed, 
and  this  is  ejffected  by  adding  sulphate  of  silver,  until  a  trace  only 
of  hydrochloric  acid  is  left  in  the  liquid.  Sulphuric  acid  is  thus 
substituted  for  the  hydrochloric  acid,  which  is  removed  in  the 
form  of  the  insoluble  chloride  of  silver,  while  the  binoxide  of 
hydrogen  remains  unchanged  in  the  liquid. 

The  sulphuric  acid  is  now  got  rid  of  by  the  careful  addition  of 
baryta  water,  which  is  at  last  added  drop  by  drop,  so  as  to  remove 
the  whole  of  the  sulphuric  acid  without  introducing  any  excess  of 
baryta  :  the  liquid  is  once  more  filtered,  and  is  now  a  pure  solution 
of  the  binoxide  of  hydrogen  in  water ;  finally,  it  may  be  transferred 
to  a  basin  and  placed  over  sulphuric  acid  in  the  exhausted  receiver 
of  the  air  pump.  The  water  evaporates  much  more  rapidly  than 
the  binoxide  of  hydrogen,  which  is  thus  at  length  obtained  in  a 
concentrated  form. 

(397)  Teroxide  of  Hydrogen,  (HO3?). — The  researches  of  Bau- 
mert  (PoggendorfF,  Annal.  Ixxxix.  38)  upon  the  gas  disengaged  from 
dilute  sulphuric  acid,  from  solution  of  bichromate  of  potash,  and 
from  various  other  liquids,  during  electrolysis,  have  rendered  it  pro- 
bable that  a  compound  of  hydrogen  with  3  equivalents  of  oxygen  is 
formed  in  minute  quantity  during  the  operation,  and  occasions  the 
peculiar  smell  of  ozone  which  accompanies  the  oxygen.  Traces 
only  of  the  compound  are  formed,  so  that  it  is  difficult  to  procure 
a  sufficient  quantity  of  it  for  analysis,  and  no  means  have  yet  been 
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devised  for  separating  it  from  the  gas  by  which  it  is  accompanied. 
A  temperature  below  redness  decomposes  it  into  water  and  free 
oxygen. 

§  II.  Compounds  of  Carbon  and   Hydrogen. 

(398)  The  compounds  of  carbon  with  hydrogen  are  numerous. 
They  are  all  derived  from  the  decomposition  of  bodies  of  organic 
origin.  Many  of  these  bodies  exhibit  absolute  identity  in  the 
proportion  of  the  two  elements  which  compose  them,  although 
they  are  endowed  with  properties  perfectly  distinct;  and  from  the 
different  densities  of  these  bodies  in  the  gaseous  or  vaporous  con- 
dition, it  is  obvious  that  the  condensation  of  their  particles  is 
different.  For  example,  the  following  are  a  few  of  the  many  com- 
pounds which  contain  in  lOO  parts  85*72  of  carbon,  and  I4':i8  of 
hydrogen  : — 


Olefiant  gas 

.     C,H,     .     . 

specifi 

c  gravity, 

0-978 

Oil  gas  . 

.     CsH,     .     . 

ff 

)i 

1-852 

Naphthene  . 

CigHie   • 

>> 

>f 

3'«5^ 

Cetylene     . 

^32^32     • 

yt 

}} 

7-845 

Such 

bodies  are  said  to  be  polymeric. 

At 

present  it  will  not  be 

necessary  to  describe  more  than  three  compounds  of  carbon  and 
hydrogen — viz.,  olefiant  gas,  marsh  gas,  and  oil  gas. 

(399)  Olefiant  Gas:  Elayl,  or  Ethylene,  (C4H4);  Equiva- 
lent  J  28;  Specific  Gravity,  0-9784;  Combining  Volume,  4. 

Preparation. — If  2  measures  of  concentrated  sulphuric  acid  be 
mixed  with  i  measure  of  alcohol,  in  a  retort  capable  of  containing 
at  least  four  times  the  bulk  of  the  liquid  introduced,  on  distilla- 
tion a  transparent  colourless  gas  is  obtained,  consisting  of  carbon 
and  hydrogen.  It  is  accompanied  by  the  vapour  of  ether,  and 
towards  the  close  of  the  process  by  sulphurous  acid  in  large  quan- 
tity. The  olefiant  gas,  as  this  compound  of  carbon  and  hydrogen 
is  termed,  at  first  comes  off  freely,  but  by  degrees  the  mixture 
blackens  and  becomes  thick,  and  froths  up  considerably,  so  that 
the  operation  requires  careful  watching  in  its  latter  stages.  The 
gas  may  be  purified  by  causing  it  first  to  pass  through  an  empty 
bottle,  kept  cool  by  immersion  in  water,  in  order  to  condense  the 
vapours  of  alcohol  and  ether ;  it  is  washed  in  a  solution  of  potash, 
to  absorb  sulphurous  acid,  and  the  last  traces  of  ether  are  removed 
by  allowing  it  to  bubble  up  through  concentrated  sulphuric  acid, 
and  finally  to  traverse  a  tube  filled  with  fragments  of  pumice 
moistened  with  oil  of  vitriol. 
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A  more   elegant  method  of  obtaining  the  gas  was  devised  by 
Mitscherlich  :  it  is  shown  at  fig.  274,  in  which  a  represents  a  flask 

Fig.  274. 


containing  oil  of  vitriol,  diluted  with  one-third  of  its  weight  of  water ; 
B  is  a  second  flask  containing  alcohol ;  c  an  empty  bottle  for  con- 
densing any  alcohol  and  water  which  may  distil  over ;  d  is  a  wash- 
bottle  containing  solution  of  potash.  The  acid  in  a  is  brought  to 
the  boiling  point  (about  ^2^°  F.);  the  alcohol  is  also  converted  into 
vapour,  and  made  to  pass  over  into  the  flask,  a,  in  such  quantity  as 
just  to  maintain  the  boiling  point  of  the  acid  at  from  325°  to  330°; 
at  this  particular  temperature,  the  alcohol,  by  contact  with  sul- 
phuric acid,  is  completely  decomposed  into  olefiant  gas  and  water. 
Sulphuric  acid  possesses  the  remarkable  property  of  producing  this 
decomposition  without  itself  apparently  undergoing  any  change; 
the  bulk  of  the  sulphuric  acid  does  not  alter  during  the  operation, 
and  the  same  limited  amount  of  sulphuric  acid  may  be  employed 
to  convert  an  indefinite  and  almost  unlimited  amount  of  alcohol 
into  olefiant  gas  and  water. 

This  circumstance,  however,  may  be  thus  explained  :  alcohol 
enters  into  combination  with  sulphuric  acid,  and  forms  a  peculiar 
compound  acid — the  sulpho-vinic  acid,  which  is  decomposed  by  a 
high  temperature;  the  sulphuric  acid  is  liberated  in  an  unchanged 
condition^  whilst  the  alcohol  breaks  up  into  water  and  olefiant  gas, 
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whilst  a  portion  of  the  water  with  which   the   acid  was   at  first 
diluted  distils  off,  and  accompanies  the  olefiant  gas : — 

Alcohol.  Sulph.  acid.  Sulpho-vinic  acid. 

C^HeOa  +  2  SO3  becomes  HO,  C4H5O,  2  SO^ 
and  by  heat 

Sulpho-vinic  acid.  Sulphuric  acid,  Olefiant  gas. 


HO,  C4H5O,  2  SO3  becomes  2  (HO,  SO3)  C4H4. 

Properties. — Olefiant  gas  is  transparent  and  colourless  ;  it  has 
a  faint  sweetish  odour,  and  is  soluble  in  about  twelve  times  its  bulk 
of  cold  water.  It  was  liquefied  by  Faraday  under  great  pressure, 
but  remained  unfrozen  at  — 166°.  Olefiant  gas  does  not  support 
life  or  combustion,  but  is  itself  very  inflammable,  and  burns  with 
a  white  luminous  flame,  depositing  carbon  abundantly  upon  cold 
bodies  which  are  introduced  into  its  flame.  If  a  succession  of 
electric  sparks  be  passed  through  the  gas,  or  if  it  be  transmitted 
through  porcelain  tubes  heated  to  bright  redness,  it  is  decomposed ; 
half  its  carbon  is  deposited,  and  another  compound  of  carbon  with 
hydrogen  (light  carburetted  hydrogen)  is  formed,  which  occupies 
the  same  volume  as  that  of  the  olefiant  gas  from  which  it  was 
produced.  If  the  heat  to  which  the  gas  is  subjected  be  extremely 
intense,  all  the  carbon  is  deposited,  and  for  each  volume  of  gas 
decomposed  2  volumes  of  hydrogen  are  liberated. 

The  composition  of  olefiant  gas  may  be  ascertained  by  detona- 
tion with  oxygen;  the  explosion,  however,  is  very  powerful,  and 
requires  care,  otherwise  the  eudiometer  will  be  broken.  One 
volume  of  the  gas  requires  for  its  complete  combustion  3  volumes 
of  oxygen  ;  2  volumes  of  carbonic  acid  remain  and  represent  2  out 
of  the  3  volumes  of  oxygen,*  whilst  the  other  volume  of  oxygen 
has  condensed  as  steam,  and  consequently  has  combined  with  2 
volumes  of  hydrogen;  2  volumes  of  hydrogen  and  2  of  carbon 
vapour  have  therefore  condensed  in  olefiant  gas  into  the  space  of 
I  volume. 

Olefiant  gas  is  slightly  soluble  in  alcohol,  oil  of  turpentine,  and 
the  fixed  oils.  It  combines  with  anhydrous  sulphuric  acid,  form- 
ing with  it  a  peculiar  compound ;  hence  it  is  completely  absorbed 
by  fuming  sulphuric  acid ;  and  it  also  combines  with,  and  is  ab- 
sorbed by,  the  perchloride  of  antimony.     Olefiant  gas,  when  mixed 


*  Carbon  has  never  been  volatilized ;  but  it  is  assumed  that  when  it  forms 
gaseous  compounds,  i  equivalent  of  carbon,  like  most  of  the  other  elements, 
furnishes  2  volumes  of  vapour.  The  specific  gravity  of  this  vapour  would  be 
0*4146.  Carbonic  acid  would  contain  equal  volumes  of  carbon  vapour  and  of 
oxyj^en :  2  volumes  of  carbon  vapour  and  2  of  oxygea  coudeusing  so  as  to 
form  but  2  volumes  of  carbonic  acid  when  united. 
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over  water  with  an  equal  volume  of  chlorine,  condenses  to  a  heavy, 
sweetish,  aromatic  liquid  :  it  collects  into  oily -looking  drops,  which 
sink  in  water :  it  was  owing  to  this  reaction  that  the  name  of 
olefiant  (or  oil-producing  gas)  was  given  to  it,  and  the  oily  body 
itself  is  commonly  known  as  Dutch  liquid^  from  the  circumstance 
of  its  discovery  in  Holland.  If  i  measure  of  olefiant  gas  be  mixed 
with  2  measures  of  chlorine,  the  mixture  may  be  kindled  by  a  lighted 
taper,  and  will  burn  quietly,  depositing  the  whole  of  the  carbon  of 
the  gas  in  the  form  of  a  dense  smoke,  whilst  the  hydrogen  unites 
with  the  chlorine  to  form  hydrochloric  acid. 

(400)  Dutch  Liquid,  (C^H^Cy  or  (C4H3CI,  HCl).  —  This  is 
a  compound  of  considerable  interest,  as  it  is  the  substance  from 
which  the  chlorides  of  carbon  were  originally  obtained  by  Faraday  ; 
and  the  careful  study  (since  made  by  Regnault)  of  the  stages  of 
the  process  by  which  these  substances  are  formed,  illustrates  in  a 
striking  manner  the  mode  in  which  compounds  may  be  procured 
by  a  process  of  substitution  in  which  the  hydrogen  of  the  original 
body  is  displaced  by  chlorine.  Dutch  liquid  is  required  in  consi- 
derable quantity  for  these  experiments;  it  may  be  obtained  by 
means  of  an  apparatus  similar  to  that  represented  in  fig.  275  :   a 

Fig.  275. 


is  a  retort  containing  the  mixture  of  sulphuric  acid  and  alcohol, 
which  is  to  furnish  the  olefiant   gas ;  6  is  an  empty  bottle  to  con- 
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dense  the  vapours  of  alcohol  and  ether ;  c  a  vessel  containing  sul- 
phuric acid  for  absorbing  any  uncondensed  vapour  of  ether ;  c?  is  a 
large  glass  receiver,  in  which  the  current  of  olefiant  gas  is  mingled 
with  a  stream  of  chlorine  disengaged  from  the  flask,  e,  and  which  is 
washed  by  passing  through  the  water  contained  in  the  bottle,  /. 
The  olefiant  gas  is  supplied  so  that  it  shall  always  be  in  slight  excess 
over  the  chlorine ;  the  operation  is  best  conducted  in  full  diffused 
daylight.  Tlie  two  gases  rapidly  combine,  and  condense  in  oily 
di'ops,  which  run  down  the  sides  of  the  receiver,  c?,  and  are  collected 
in  the  bottle,  g. 

Dr.  Lirapricht  has  simplified  this  apparatus  by  transmitting  the 
olefiant  gas  through  the  mixture  of  oxide  of  manganese,  common 
salt,  and  sulphuric  acid,  from  which  the  chlorine  is  generated.  The 
olefiant  gas  is  conveyed  into  this  mixture  by  means  of  a  bent  tube 
which  passes  through  the  tubulure  of  the  retort,  and  the  Dutch  liquid 
as  it  forms,  distils  over  into  a  receiver  connected  with  the  retort. 

The  Dutch  liquid  obtained  by  either  of  these  processes, 
when  purified  by  agitation  with  water,  furnishes  a  liquid  which 
is  not  miscible  with  water,  but  dissolves  freely  in  ether  and  in 
alcohol  :  it  has  a  specific  gravity  of  i'28  at  32°,  boils  at  184°  F., 
and  emits  a  vapour  the  density  of  which  is  3 '45.  The  simplest  sup- 
position respecting  the  composition  of  this  liquid,  since  it  consists 
of  equal  volumes  of  chlorine  and  of  olefiant  gas,  is  that  2  volumes 
or  I  equivalent  of  chlorine,  is  combined  with  1  volumes  of  ole- 
fiant gas  (C2H2CI) ;  whence  the  equivalent  of  olefiant  gas  should 
be  one-half  of  that  which  has  been  given  in  paragraph  (399).  The 
investigations  of  M.  Regnault  have,  however,  rendered  it  probable 
that  the  composition  of  Dutch  liquid  is  not  correctly  represented 
by  so  simple  a  formula,  and  that  the  equivalent  is  not  (CgHgCl), 
but  just  double.  The  usual  combining  volume  of  an  equivalent  of 
such  vapours  is  four  times  that  of  oxygen,  .and  the  density  of  the 
vapour,  as  obtained  by  experiment,  coincides  almost  exactly  with 
that  required  by  the  supposition  that  the  formula  is  (C4H4CI2). 

CI2       =4  vol.  chlorine,       =4X   2*47      =      9'88o 
(C4,HJ=4  vol.  olefiant  gas  =  4XO'978      =      3'9i2 

r    13792 
Calculated  vapour  density        =    } =  3*448 

^      4 

The  formula  for  Dutch  liquid  is  commonly  written  C4H3CI  +  HCl. 

It  was   ascertained    by    Faraday    that  when    Dutch    liquid   is 

exposed  in  a  glass  vessel  with  chlorine  to  the   direct  rays  of  the 
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sun,  taking  care  to  renew  the  chlorine  as  long  as  it  is  absorbed, 
that  the  liquid  is  ultimately  converted  into  the  white  crystalline 
and  volatile  sesquichloride  of  carbon,  whilst  a  very  copious  dis- 
engagement of  hydrochloric  acid  gas  takes  place. 

M.  Regnault  has  shown  that  this  formation  of  the  sesquichloride 
of  carbon  is  the  result  of  the  interchange  of  chlorine  for  hydrogen 
in  the  composition  of  the  Dutch  liquid ;  so  that  sesquichloride  of 
carbon  may  be  regarded  as  Dutch  liquid  in  which  the  place  of  the 
hydrogen  is  supplied  by  chlorine :  and  he  has  described  a  series  of 
compounds  intermediate  between  this  liquid  and  Faraday's  sesqui- 
chloride of  carbon. 

For  example  :  if  chlorine  be  transmitted  through  Dutch  liquid 
the  gas  is  rapidly  absorbed,  and  the  liquid  acquires  a  yellow  colour, 
which  disappears  with  copious  evolution  of  hydrochloric  acid  when 
it  is  brought  into  the  sun's  rays  :  by  carefully  adjusting  the  addi- 
tion of  chlorine  a  new  liquid  was  obtained,  which  boiled  at  239°,  F. 
and  had  a  specific  gravity  of  1*422.  Two  equivalents  of  chlorine 
had  acted  upon  the  Dutch  liquid,  i  equivalent  had  combined  with 
I  equivalent  of  hydrogen  to  form  the  disengaged  hydrochloric  acid, 
while  the  second  equivalent  of  chlorine  took  the  position  of  the  dis- 
placed hydrogen:  thus,  (C4H3C1,HC1)  +  2  CI  =  (C^H^Cla,  HCl) + 
HCl.  This  new  liquid  may  be  made  to  absorb  a  fresh  quantity  of 
chlorine,  and  in  the  sun's  rays  it  undergoes  a  change  analogous  to 
the  preceding;  a  liquid  is  formed  which  boils  at  275°,  and  has  a 
density  of  1-576;  (C4H2CI2,  HCl) +  2  CI  =  (C4,HCl3,  HCl)  +  HCl. 
This  third  liquid,  if  again  acted  upon  by  chlorine  under  the  influ- 
ence of  two  more  equivalents  of  this  gas,  undergoes  a  further  similar 
decomposition;  a  still  heavier  liquid,  of  specific  gravity  1*663,  boil- 
ing at  307^"  F.  is  produced,  and  (C4HCI3,  HCl)  +  2  CI  become 
(C4CI4,  HCl)  +  HCl :  and  finally,  this  fourth  liquid,  when  acted 
upon  by  an  excess  of  chlorine,  loses  the  remaining  equivalent  of 
hydrogen,  and  becomes  the  solid  sesquichloride  of  carbon  ;  for 
(C^Cl^  HCl)  +  2  CI  give  (C4CI4,  Cy  +  HCL 

Chlorinated  Compounds  derived  from  Dutch  Liquid. 


Dutch  liquid    .... 
Monochlorinated  ditto  . 
Biclilorinated           „ 
Triflilori  Dated          ,, 
Sesquichloride  of  carbon 

Boiling 
point  °  e. 

Specific  gravity. 

Formula. 

Liquid. 

Vapour. 

184 

1*280 
1*422 
1576 
1663 

3'45 
400 

5-79 

7-o8 

8*16 

C4H3CI,  HCl 
C4H2CI2,  HCl 
C4HO],,  HCl 
C,C1,.  HCl 
C4C1« 
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It  will  be  seen  that  as  tlie  quantity  of  chlorine  increases  the 
boiling  point  rises,  and  the  density  both  of  the  liquid  and  of  the 
vapour  increases ;  in  every  case  one  equivalent  of  the  compound 
yields  4  volumes  of  vapour. 

Light  Carburetted  Hydrogen  :  Subcarburetted  Hydrogen ; 
Marsh  Gas,  or  Fire  Damp,  (CgHJ ;  Equivalent,  16 ;  Specific 
Gravity,  0*5596  ;   Combining  Volume,  4. 

(401)  Preparation. — This  gas  is  best  obtained  in  a  state  of 
purity  by  a  process  recommended  by  Persoz :  io|  parts  of  the  hydrate 
of  baryta  and  loi  of  anhydrous  acetate  of  soda,  aYe  very  intimately 
mixed,  and  heated  over  a  charcoal  fire  in  a  Florence  flask,  coated 
with  a  luting  of  fire  clay  made  into  a  paste  with  solution  of 
borax.  The  flask  is  fitted  with  a  cork  and  bent  tube,  and  the  gas 
is  collected  over  water  in  the  usual  way.*  The  hydrate  of  baryta 
may  be  replaced  by  a  mixture  of  2  parts  of  caustic  potash  and  3 
of  quick  lime.  The  gas  is  also  easily  procured  (mingled  with  nitro- 
gen and  carbonic  acid),  as  a  result  of  the  decomposition  of  vege- 
table matter  contained  in  the  mud  of  stagnant  pools ;  and  hence  its 
name  of  marsh  gas.  In  order  to  collect  the  gas  from  this  source 
a  bottle  may  be  filled  with  water,  inverted  in  the  pool,  and  having 
introduced  a  funnel  into  the  neck  of  the  bottle,  the  mud  beneath  is 
stirred  with  a  stick ;  the  gas  then  rises  into  the  bottle  in  bubbles. 

Light  carburetted  hydrogen  is  one  of  the  principal  constituents 
of  coal  gas  ;  it  also  occurs  abundantly  in  many  coal  mines,  burst- 
ing forth  unexpectedly  from  the  seams  of  coal,  and  blowing  out 
from  the  fissure  for  many  months  together,  as  though  escaping 
from  under  high  pressure.  These  natural  discharges  of  the  gas 
the  miners  term  '  blowers.^ 

Properties. — Subcarburetted  hydrogen  is  a  colourless,  inodorous, 
and  tasteless  gas,  scarcely  soluble  in  water ;  not  injurious  to  life 
if  diluted  with  air.  It  does  not  support  combustion,  but  is  itself 
inflammable,  and  burns  with  a  yellow  luminous  flame.  By  passing 
through  it  a  continued  succession  of  electric  sparks,  or  by  sending 
it  through  tubes  heated  to  whiteness,  it  is  decomposed ;  its  carbon  is 
deposited,  and  a  volume  of  hydrogen,  double  that  of  the  gas  em- 
ployed, is  set  at  liberty.  A  mixture  of  this  gas  with  a  variable  pro- 
portion of  olefiant  gas  constitutes  the  most  important  ingredient 
of  coal  gas.  Marsh  gas  requires  twice  its  volume  of  oxygen  for 
complete  combustion.    The  3  volumes  of  the  mixed  gases  after  de- 


jj,     Acetate  soda.  Hydrate  baryta.  Garb,  baryta.  Carb.  soda.         Marsh  gas. 

NaO,  C4H3O3  4-  Baa  ho"  give  B^,  CO^  +  N^oTcO^  +  C^ 
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tonation,  are  condensed  into  i  volume  ;  they  yield  i  volume  of  car- 
bonic acid  and  a  little  water :  now  carbonic  acid  contains  its  own 
bulk  of  oxygen ;  it  therefore  represents  one  of  the  %  volumes  of 
oxygen  which  have  disappeared^  whilst  the  other  volume  of  oxygen 
has  united  with  2  volumes  of  hydrogen  and  formed  water.  Light 
carburetted  hydrogen  must  consequently  contain  its  own  volume  of 
carbon  vapour_,  and  twice  its  volume  of  hydrogen  condensed  into 
the  space  of  i  volume. 

When  mixed  with  air,  an  explosive  mixture  is  formed,  which 
takes  fire  on  the  approach  of  a  light,  and  often  occasions  acci- 
dents attended  with  loss  of  life  to  those  who  are  engaged  in  coal 
mines. 

The  fatal  results  of  an  explosion  of  fire-damp  in  the  mine  are 
not,  however,  limited  to  the  mechanical  violence  which  it  occasions 
to  the  sufferers.  The  '  after-damp,^  as  the  miners  term  it,  or 
vitiated  atmosphere  that  the  explosion  produces,  is  often  fatal 
to  those  employed  in  other  parts  of  the  mine,  or  to  the  generous 
but  ignorant  and  rash  survivor  who  attempts  to  descend  into  the 
pit  before  it  has  been  properly  ventilated,  in  order  to  succour  his 
comrades,  or  to  ascertain  their  fate. 

From  the  composition  of  fire-damp  it  is  obvious  that  this  gas 
in  exploding  renders  ten  times  its  bulk  of  atmospheric  air  unfit 
for  respiration  ;  the  %  volumes  of  oxygen  which  this  air  contains 
producing  i  volume  of  carbonic  acid,  and  2  volumes  of  steam  which 
condense,  leaving  8  volumes  of  nitrogen  at  liberty. 

It  was  with  a  view  of  discovering  some  means  of  preventing 
these  fatal  results  that  Sir  H.  Davy  instituted  those  important 
researches  on  flame,  which  led  him  to  the  invention  of  the  safety 
lamp,  an  instrument  which  has  prevented  many  serious  accidents, 
and  has  enabled  many  coal  fields  to  be  worked  which  otherwise 
must  have  been  abandoned,  on  account  of  the  abundant  escape  of 
fire-damp  from  the  workings. 

(402)  Principle  of  the  Safety  Lamp.  —  The  temperature  re- 
quired for  the  combustion  of  different  bodies  varies  greatly ;  some 
take  fire  at  a  very  low  temperature,  phosphorus,  for  instance,  with 
the  heat  of  the  body  ;  sulphur  at  about  480° ;  others,  as  olefiant  gas 
and  hydrosulphuric  acid,  need  a  red  heat.  A  high  temperature  is 
however  essential  to  the  existence  of  flames,  and  particularly  of 
flames  produced  by  the  combustion  of  the  hydrocarbons.  Subcar- 
buretted  hydrogen,  although  an  inflammable  gas,  requires  a  much 
higher  temperature  to  ignite  it  than  most  other  imflammable 
bodies ;  it  will  not  explode  when  mixed  either  with  less  than  four 
times  its  bulk  of  atmospheric  air,  or  with  more  than  sixteen  times 


PRINCIPLE    OF    THE    SAFETY    LAMP.  635 

its  volume ;  the  gas  in  this  case  burns  only  in  immediate  contact 
with  the  flame  of  the  lamp,  as  the  large  volume  of  air  with  which  it 
is  mixed  prevents  the  temperature  from  rising  to  the  point  necessary 
for  the  general  conflagration  of  the  gas :  the  most  powerful 
explosion  is  occasioned  when  the  gas  is  mixed  with  seven  or  eight 
times  its  bulk  of  air. 

Combustion  may  often  be  carried  on  below  the  point  of  inflam- 
mation. The  smouldering  wick  of  a  taper  recently  blown  out  is 
a  case  in  point.  Again,  if  a  glowing  coil  of  platinum  wire,  or  a  hot 
slip  of  platinum  foil,  be  suspended  in  a  current  of  coal  gas  mixed  with 
atmospheric  air^  the  metal  will  be  maintained  at  a  red  heat  by  the 
rapid  combination  of  the  oxygen  with  the  gas,  which,  however, 
does  not  take  fire  until  the  platinum  becomes  heated  to  whiteness. 

Davy  found  that  no  explosion  could  be  produced  in  a  mixture 
of  air  and  fire  damp,  through  a  narrow  tube,  owing  to  the  cooling 
influence  which  the  tube  exerted  upon  the  gas ;  and  the  narrower 
the  tube,  the  shorter  was  the  length  required  to  produce  this  protec- 
tive efiPect.  Hemming's  safety  tube  for  the  oxyhydrogen  blowpipe 
(294)  depends  for  its  efficacy  upon  the  cooling  influence  which  the 
metallic  tubes  or  channels,  formed  by  the  interstices  between  the 
wires,  exert  upon  the  burning  jet  of  gas.  The  heat  of  the  flame  is  in 
this  way  prevented  from  passing  backwards  and  causing  the 
explosion  of  the  mixed  gases  in  the  reservoir. 

If  a  stout  copper  wire  be  introduced  into  any  flame,  it  will  be 
observed  that  a  dark  space  immediately  surrounds  the  wire ;  a 
second  wire  cools  tiie  flame  still  further  ;  and  a  small  flame  may  be 
completely  extinguished  by  the  cooling  effect  produced  by  bringing 
down  a  coil  of  wire  upon  it;  but  if  the  same  coil  be  previously 
heated  to  redness,  and,  whilst  still  hot,  be  placed  over  the  flame, 
the  latter  will  continue  to  burn. 

By  using  wire  gauze  we  may  easily  cut  off"  the  upper  part  of  a 
flame,  the  unburned  gases  being  reduced  in  temperature  below  the 
point  of  inflammation ;  if  a  piece  of  gauze  with  large  meshes  be 
employed,  it  will  cut  off"  the  flame  so  long  as  it  remains  cold,  but 
the  flame  will  traverse  the  network  as  soon  as  the  wire  becomes 
red  hot :  with  finer  meshes  (about  400  to  the  square  inch)  the 
conducting  power  of  the  metal  is  sufficient  to  cool  the  flame  below 
the  point  of  ignition,  even  though  the  wire  itself  be  red  hot.  In 
a  similar  manner  the  gas  above  the  gauze  may  be  kindled,  and  the 
flame  will  not  pass  through  to  the  gas  below.  Advantage  is  taken 
of  this  circumstance  in  the  laboratory  to  obtain  a  smokeless  flame 
by  the  use  of  ordinary  coal  gas : — A  metal  chimney,  five  or  six 
inches  long,  open  below,  and  furnished  at  top  with  a  cap  of  wire 
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gauze  is  placed  over  any  convenient  form  of  burner ;   the  air  enters 
at  the  bottom  and  mixes  with  the  gas^  which  burns  above  the  wire 
gauze   with   a  blue  flame,   which    emits    scarcely   any   light    and 
deposits  no  smoke  upon  cold  objects,  provided  that  the  supply  of 
gas  be  duly  proportioned  to  that  of  the  air  which  mixes  with  it. 
These  principles   were  beautifully  applied  by  Sir  H.  Davy  in 
the  construction  of  his  miner^s  lamp, 
Fig.  276.  which  is  merely  an  oil  lamp,  fig.  276,  in- 

closed within  a  cylinder  of  fine  wire 
gauze,  provided  with  a  double  top,  and 
with  a  crooked  wire,  w,  which  passes 
up  tightly  through  a  tube  traversing 
the  body  of  the  lamp  for  the  pur- 
pose of  trimming  the  wick  without  the 
necessity  for  removing  the  wire  cover- 
ing. When  such  a  lamp  is  introduced 
into  an  explosive  atmosphere  of  fire 
damp,  the  flame  is  seen  gradually  to 
enlarge  as  the  proportion  of  carburetted 
hydrogen  increases,  until  at  length  it 
fills  the  entire  gauze  cylinder :  when  the  gas  is  in  sufficient 
excess  the  lamp  is  entirely  extinguished;  if  it  be  withdrawn 
from  the  explosive  mixture  while  the  cylinder  appears  full  of 
flame,  it  generally  rekindles  the  wick,  and  the  lamp  continues  to 
burn  in  air  as  usual.  Whenever  this  pale,  enlarged  flame  is  seen,  the 
miner  must  withdraw ;  for  though  no  explosion  can  occur  while  the 
gauze  is  sound,  yet  at  that  high  temperature  the  metal  becomes 
rapidly  oxidized,  and  might  easily  break  into  holes ;  a  single  aperture 
of  sufficient  size  would  then  determine  the  fatal  explosion. 

The  wire  gauze  used  in  the  construction  of  these  lamps  con- 
tains from  700  to  800  meshes  in  the  square  inch.  In  a  strong 
current  of  air  the  heated  gas  may  be  blown  through  the  apertures  of 
the  gauze  before  its  temperature  is  sufficiently  reduced  to  prevent 
the  explosion,  but  such  an  occurrence  may  be  easily  guarded  against 
by  the  use  of  a  screen. 

(403)  Nature  of  Flame.  —  It  is  necessary  to  the  production  of 
flame,  that  the  combustible  be  of  such  a  nature  as  to  be  convertible 
into  vapour  before  it  undergoes  combustion,  otherwise  no  flame 
results.  Well  burned  charcoal  or  diamond  burns  with  a  steady  glow, 
unattended  with  flame,  as  does  also  iron  wire.  None  of  these  sub- 
stances are  susceptible  of  volatilization  at  the  temperature  attending 
their   combustion.      Sulphur,   phosphorus,    zinc,   and  the   various 
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combustible  gases,  burn  with  flame  as  they  pass  into  the  aeriform 
state  before  combination. 

Flame  is,  in  fact^  produced  whenever,  by  a  sufficiently  elevated 
temperature,  a  continuous  supply  of  combustible  vapour,  or  gas,  is 
made  to  combine  with  atmospheric  oxygen,  or  with  some  supporter 
of  combustion,  as  they  come  into  contact.  In  all  ordinary  cases, 
therefore,  flame  is  a  luminous  envelope  which  forms  a  limiting 
surface  between  the  unburned  combustible  within  and  the  sup- 
porter of  combustion  without. 

This  hollow  structure  of  flame  may  be  easily  shown  by  experi- 
ment. If  a  w^ooden  match  be  held  for  a  few  seconds  across 
the  middle  of  the  flame  of  a  spirit  lamp  wdth  a  large  wick,  the 
match  will  become  charred  at  the  edges  of  the  flame,  but  the 
intermediate  portion  will  remain  uninjured.  If  a  fragment  of 
phosphorus  be  placed  in  a  small  deflagrating  spoon,  ignited,  and 
then  introduced  into  the  middle  of  the  flame,  it  will  be  extin- 
guished, but  it  will  burn  with  its  former  energy  the  moment  that  the 
spoon  is  withdrawn  from  the  flame.  The  tapering  form  which 
flames  assume,  is  due  to  the  ascending  current  produced  in  the 
atmosphere  by  the  heat  attendant  on  the  combustion.  Within  the 
burning  portion  of  flame  is  an  atmosphere  of  unburned  combustible 
matter :  by  inserting  into  a  flame,  such  as  that  of  a  wax  candle, 
just  above  the  wick,  the  lower  extremity  of  a  glass  tube,  open  at 
both  ends,  about  one-third  of  an  inch  in  diameter,  and  five  or  six 
inches  long,  the  gases  in  the  interior  may  be  drawn  off",  and  may 
be  ignited  at  the  upper  aperture  of  the  tube. 

It  is  important  to  remark  that  the  light  and  the  heat  emitted 
by  flames  are  by  no  means  proportional  to  each  other.  The  heat 
is  due  solely  to  the  energy  of  the  chemical  action ;  and  when  a 
pure  gaseous  matter,  without  solid  particles,  composes  both  the 
burning  body  and  the  product  of  the  combustion,  little  or  no  light 
is  emitted  :  the  flame  of  a  jet  of  hydrogen  is  barely  visible  in  clear 
daylight ;  and  that  of  the  oxy hydrogen  jet  itself,  although  one  of  the 
most  intense  sources  of  heat  at  our  command,  is  scarcely  more 
luminous  than  the  flame  of  hydrogen.  For  the  same  reason  the 
light  of  sulphur  burning  in  oxygen  is  feeble,  notwithstanding  the 
intense  energy  with  which  they  combine :  botli  the  vapour  of  sul- 
phur and  sulphurous  acid  are  gaseous  bodies.  Phosphorus  and 
chlorine,  though  they  unite  so  energetically  as  to  take  fire  at  ordinary 
temperatures  by  mere  contact,  yet  emit  but  little  light  during  their 
combustion;  the  chlorides  of  phosphorus,  as  well  as  phosphorus 
itself,  being  very  volatile  bodies. 

T  T 
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In  all  luminous  flames  the  light  is  emitted  from  solid  particles 
highly  ignited.  The  light  from  bodies  feebly  ignited  is  red ;  as  the 
temperatm-e  rises  the  light  becomes  yellow,  then  white,  and  when 
the  heat  is  very  intense,  the  more  refrangible  rays  of  the  spectrum 
predominate,  so  that  it  has  a  shade  of  blue  or  violet. 

By  introducing  a  solid  object  into  a  non-luminous  flame, 
a  platinum  wire,  for  example,  into  the  oxyhydrogen  jet,  or,  better 
still,  a  body  which,  like  lime,  does  not  melt  at  that  temperature, 
the  light  becomes  so  intense  that  the  eye  can  scarcely  support  it. 
Such  bodies,  however,  since  they  do  not  contribute  to  the  chemical 
changes  occurring  in  the  flame,  necessarily  reduce  its  heat  owing  to 
their  conducting  power.  It  is  immaterial  whether  the  bodies  so 
introduced  be  combustible,  or  have  already  undergone  perfect 
combustion : — the  flame  of  hydrogen  may  be  rendered  luminous 
either  by  blowing  a  little  powdered  charcoal  through  it,  or  by 
allowing  finely  powdered  magnesia,  oxide  of  zinc,  or  the  white 
fumes  of  phosphoric  acid  produced  by  the  combustion  of  phos- 
phorus, to  traverse  it.  Indeed  no  better  illustration  of  this  point 
can  be  given  than  is  afibrded  by  contrasting  the  painfully  intense 
light  produced  by  the  combustion  of  phosphorus  in  oxygen,  where 
the  solid  non-volatile  phosphoric  acid  is  produced,  with  the  feeble 
light  emitted  by  the  same  body  as  it  burns  in  chlorine. 

The  flames  used  for  illuminating  pm^poses  are  all  produced  by 
the  combustion  of  compounds  of  carbon  and  hydrogen.  All  of  them, 
notwithstanding  the  perfect  transparency  of  the  gas  before  com- 
bustion, contain  solid  particles  of  carbon  during  the  act  of  combus- 
tion. The  separation  of  carbon  during  the  process  of  combustion 
is  seen  by  the  simple  expedient  of  introducing  a  cold  body,  such  as  a 
plate  of  metal,  or  a  piece  of  glass,  into  a  luminous 
Fig  277.  flame;  it  speedily  becomes  blackened  from  the  depo- 
sition of  carbon. 

The  flame  of  a  candle  is  sustained  by  the  de- 
composition of  the  melted  wax  or  tallow  absorbed 
by  the  wick,  and  its  conversion  into  gaseous  hydro- 
carbons by  the  heat  of  the  combustion.  At  the 
lower  part  of  the  flame,  a,  fig.  277,  these  hydro- 
carbons are  immediately  mingled  with  atmospheric  air, 
no  separation  of  carbon  occurs  here,  and  they  burn 
with  a  pale  blue  light.  The  greater  portion  of  the 
combustible  gases  and  vapours,  however,  are  still  un- 
burned;  they  rise  above  the  wick,  forming  the  central 
dark  part,  6,  of  the  flame :  here  they  are  subjected 
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to  a  high  temperature  from  the  combustion  of  the  blue  portion 
already  mentioned;  the  heat  now  causes  the  separation  of  the 
carbon  in  the  solid  form,  which  becomes  intensely  ignited  in  the 
burning  gas,  emitting  light  in  the  part  marked  c;  and  this  carbon 
itself,  in  a  properly  adjusted  flame,  gradually  burns  away  without 
residue  or  smoke,  as  it  comes  to  the  surface,  d,  and  meets  with 
oxygen.  In  order  to  produce  the  maximum  amount  of  light,  the 
point  which  requires  the  greatest  attention  is  the  due  adjustment 
of  the  supply  of  air ;  if  too  much  be  given,  the  gas  burns  with  a 
blue,  feebly  luminous  flame;  an  efiect  which  may  be  seen  by 
blowing  upon  a  common  gas  flame,  or  by  watching  the  effects  of 
the  wind  upon  the  exposed  gaslights  at  night :  the  lengthening  of 
the  chimney  of  a  lamp  produces  a  similar  effiect.  In  these  cases 
the  gas  becomes  immediately  mixed  with  the  oxygen  of  the  air,  and 
it  is  completely  burned  before  it  has  been  exposed  to  an  elevated 
temperature  for  a  time  sufficiently  long  to  allow  of  the  separation 
of  carbon.  The  supply  of  air,  however,  must  not  be  too  much 
limited ;  otherwise,  as  may  be  seen  by  closing  the  central  tube  for 
the  admission  of  air  to  an  argand  burner,  the  light  becomes  red  from 
the  reduction  of  temperature,  the  carbon  passes  off'  unburned,  and 
the  oxygen  being  insufficient  to  complete  the  combustion,  the  flame 
becomes  smoky.  The  light  of  a  flame  is  increased  by  any  contri- 
vance which,  without  deranging  the  order  of  the  combustion,  con- 
centrates it  into  a  smaller  space,  so  as  to  raise  the  temperature 
of  the  deposited  carbon  to  the  maximum.  It  is  in  this  way  that 
an  argand  burner  produces  a  far  greater  amount  of  light  with  a 
given  consumption  of  gas,  than  if  the  same  quantity  of  gas  were 
burned  in  separate  jets. 

(404)  Theory  of  the  Blowpipe.  —  The  temperature  of  a  flame 
may  be  very  materially  increased  by  augmenting  the  activity  of  the 
combustion,  and  concentrating  its  effect  by  diminishing  the  extent 
of  surface  over  which  it  would  otherwise  take  place.  It  is  upon 
this  principle  that  all  blowpipes  act :  a  jet  of  air  or  of  oxygen  is 
thrown  into  the  interior  of  a  flame ;  the  combustion  is  thus  rendered 
more  rapid,  it  is  limited  to  a  much  smaller  space,  and  is  entirely 
changed  in  character. 

The  mouth  blowpipe  is  one  of  the  most  valuable  and  portable 
instruments  of  research  which  the  chemist  possesses  :  he  is  enabled 
by  its  means,  in  a  few  minutes  to  arrive  with  certainty  and  eco- 
nomy at  results  which  without  its  aid  would  require  much  expen- 
diture both  of  fuel  and  of  time ;  and  it  often  affords  information 
which  could  be  obtained  in  no  other  way. 

T  T  2 
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Pig.  278. 


The  mouth  blowpipe  has  been  constructed  in  a  great  variety  of 
forms^  but  it  consists  essentially  of  a  bent  tube^  terminating  in  a 
fine  uniform  jet^  with  a  chamber  for  the  condensation 
of  moisture  from  the  breath.      Dr.  Black^s  blowpipe 

n<*  is  a  very  convenient  form  of  the  instrument;  it  is 

shown  at  fig.  278.      It  consists  of  a  conical  tube  of  tin 
plate,  about  eight  inches  long,  open  at  the  narrow 
end,  «,  which  is  rounded  off  so  as  to  adapt  itself  to 
the  lips,  and  closed  at  its  lower  end,  from  the  side 
of  which  projects  a  brass  tube  about  an  inch  in  length, 
upon  which  is  fitted  a  small  brass  jet,  b.      This  jet 
is  inserted  to  a  short  depth  into  the  flame  of  a  candle, 
about  an  eighth  of  an  inch  above  the  wick;    when 
a  current  of  air  from  the  blowpipe  is  directed  hori- 
zontally  along  the  surface    of   the  wick,  the  flame 
loses  its   luminosity,  and  is  projected  laterally  in  the  form  of  a 
beautiful   pointed  cone,  in  which   three   parts  are   distinctly   dis- 
cernible.   See  fig.  279. 
Fig.  279.  In  the  centre  is  a  well 

defined  blue  cone;  out- 
side that  is  the  bril- 
liant part  of  the  flame, 
terminating  at  a,  and 
exterior  to  that,  is  a 
pale  yellow  flame,  c. 
The  different  parts  of  this  flame  possess  very  different  properties. 
The  blue  cone  is  formed  by  the  admixture  of  air  with  the  com- 
bustible gases  rising  from  the  wick,  and  it  corresponds  to  the  blue 
portion,  a,  of  an  ordinary  flame,  fig.  277.  In  this  part  of  the  flame 
combustion  is  complete,  and  the  oxygen  introduced  by  the  jet 
is  in  excess ;  the  points  where  the  excess  of  oxygen  is  absorbed  by 
combination  with  fresh  combustible  rising  from  other  parts  of  the 
wick,  are  clearly  defined  by  the  surface  which  seems  to  limit  the 
blue  cone.  In  front  of  this  blue  cone  is  the  luminous  portion,  con- 
taining unburned  combustible  gases  at  a  high  temperature,  which 
of  course  have  a  powerful  tendency  to  combine  with  oxygen. 
If  a  fragment  of  some  metallic  oxide,  such  as  oxide  of  copper, 
sufficiently  minute  to  be  completely  enveloped  by  the  luminous 
portion  be  introduced  into  this  part  of  the  flame,  the  oxide  will 
be  deprived  of  oxygen,  in  consequence  of  the  superior  affinity  of 
the  hot  gases  for  this  element,  and  the  oxide  will  be  reduced  to 
the   metallic  state :  hence  this   portion    is    termed   the   reducing 
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jJame  of  the  blowpipe.  At  tlie  apex,  c,  of  the  flame,  the 
eft'ects  are  reversed.  Here  atmospheric  oxygen  at  a  high  tempera- 
ture, is  mechanically  carried  forward  along  with  the  completely 
formed  products  of  combustion,  and  a  fragment  of  any  metal,  such 
as  lead,  copper,  or  tin,  if  placed  at  this  point  will  quickly  become 
coated  with  oxide;  and  hence  this  spot  is  termed  the  oxidating 
flame  of  the  blowpipe.  A  good  illustration  of  the  opposite  actions 
of  these  contiguous  portions  of  the  flame  is  afforded  by  the  effects 
which  they  respectively  produce  on  a  piece  of  flint  glass  tubing. 
The  silicate  of  lead  contained  in  the  glass  is  partially  decomposed 
in  the  reducing  flame,  and  the  glass  at  this  point  becomes  black 
and  opaque  from  the  reduction  of  the  oxide  of  lead  to  the  metallic 
state,  but  by  placing  the  blackened  part  for  a  few  seconds  in  the 
oxidating  flame,  oxygen  is  again  absorbed  by  the  metal,  and  the 
transparency  of  the  glass  is  restored. 

The  art  of  maintaining  a  continual  blast  by  the  mouth  blow- 
pipe is  not  easily  described,  but  it  can  be  acquired  by  practice 
without  much  difficulty. 

Different  forms  of  the  blowpipe  have  been  proposed,  according 
to  the  purposes  for  which  it  is  destined.  The  glass-worker  usually 
requires  a  large  supply  of  air  to  be  maintained  uninterruptedly  for 
long  periods,  and  he  commonly  employs  a  pair  of  double  bellows, 
worked  by  the  foot. 

A  very  convenient  and 
portable  blowpipe  for  glass 
working  is  made  as  follows: 
a  rectangular  box  of  zinc, 
fig.  280,  about  fourteen 
inches  high,  and  six  wide,  is 
divided  into  two  chambers, 
c  and  d,  by  a  diaphragm 
which  passes  obliquely  nearly 
to  the  bottom  of  the  box ; 
these  chambers,  communi- 
cate with  each  other  below ; 
one  of  them,  d,  is  open 
above,  and  is  covered  with 
a  loose  lid  ;  the  other  cham- 
ber, c,  is  closed  at  the  top : 
a  blowpipe  jet,  e,  passes  just 
through  the  covering  of  this 


Fig.  280. 


with   a 


longer 


pipe, 


chamber,  which  is  further  supplied 
by   passing   down  to   within  a   short   dis- 
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tance  of  the  bottom^  covered  with  a  flap  of  silk  to  prevent  the  return 
of  the  water  when  the  operator  suddenly  ceases  to  blow  through  a. 
If  the  box  be  now  partially  filled  with  water^  the  pressure 
of  the  column  of  liquid  will  expel  the  air  through  the  jet,  e,  in 
any  desired  direction.  By  blowing  down  the  long  pipe,  the 
operator  can  renew  the  supply  of  air  as  often  as  may  be  necessary ; 
it  bubbles  up  into  the  closed  chamber,  c,  driving  the  water  back 
into  the  open  one,  when  the  column  of  liquid,  by  its  pressure, 
renews  the  blast  as  before.  The  gasburner,  /,  can  be  raised  or 
lowered  as  may  be  necessary,  and  by  means  of  a  sliding  joint,  ^, 
can  be  made  to  approach  towards  or  recede  from  the  jet,  e,  as 
may  be  required. 

In  the  oxyhydrogen  blowpipe,  owing  to  the  complete  inter- 
mixture of  the  two  gases,  the  flame  is  solid,  and  therefore  of  small 
dimensions. 

(405)  Oil  Gas,  (CgHg) ;  Equivalent ^  cfi ;  Specific  Gravity , 
1*854;  Combining  Volume,  4. — This  compound  was  discovered  by 
Mr.  Faraday  to  be  one  of  the  constituents  of  the  gases  obtained  by 
the  destructive  distillation  of  oil.  It  condenses  at  0°  F.  to  a  colour- 
less liquid,  of  sp.  gr.  0*627,  ^*  54°  •  i*  ^^  almost  insoluble  in  water, 
but  is  taken  up  freely  by  alcohol,  and  still  more  abundantly  by  oil 
of  vitriol.  Oil  gas  is  colourless,  and  burns  with  a  white,  pow^erfully 
luminous  flame.  It  contains  the  same  proportions  of  carbon  and  of 
hydrogen  as  defiant  gas,  but  the  two  elements  are  condensed  in 
oil  gas  into  half  the  bulk  which  they  occupy  in  olefiant  gas.  i 
volume  of  this  gas  requires  six  times  its  bulk  of  oxygen  for  its  com- 
plete combustion  j   water  and  carbonic  acid  being  the  products. 

§  III.  Compounds  of  Carbon  w^th  Oxygen. 

Besides  carbonic  oxide  and  carbonic  acid,  carbon  forms  several 
other  oxides  possessed  of  acid  characters  :  viz.. 

Oxalic  acid HO,  C2O3 

Bhodizonic  acid 3  HO,  C7O7 

Croconic  acid HO,  C5O4 

Mellitic  acid HO,  C4O3 

(406)  Oxalic  Acid,  (HO,  C2O3,  o,  aq) ;  Equivalent,  36  +  27. — 
This  important  and  powerful  acid  belongs  more  properly  to  the 
division  of  organic  chemistry,  as  it  is  always  obtained  from  sugar, 
starch,  or  some  other  substance  of  organic  origin,  and  is  one  of 
the  products  of  the  oxidation  of  these  substances ;  it  is  moreover  a 
frequent  constituent  of  the  juices  of  plants.      Oxalic  acid  is  abun- 
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dant  in  tlie  leaves  of  the  wood  sorrel  [Oxalis  acetosella),  to  whicli 
it  communicates  their  powerfully  acid  taste,  and  in  which  it  occurs 
in  combination  with  potash  as  binoxalate  of  potash.  It  is  found 
also  m  the  Rumex  acetosa  and  in  the  leaf-stalks  of  the  common 
rhubarb.  Many  lichens  owe  their  solidity  to  the  presence  of 
oxalate  of  lime,  and  have  even  been  employed  as  a  source  of  the 
acid. 

Preparation. — Oxalic  acid  is  prepared  artificially  upon  a  large 
scale  by  the  oxidation  of  sugar  or  of  starch  by  nitric  acid.  Ber- 
zelius  recommends  Schlesinger's  mode  of  preparing  it,  as  yielding 
it  in  the  purest  condition  and  in  the  largest  quantity :  i  part  of 
dry  loaf  sugar  is  dissolved  in  8;^  parts  of  nitric  acid,  of  specific 
gravity  1*38,  and  heated  in  a  flask  until  all  eff'ervescence  has  ceased ; 
a  copious  evolution  of  carbonic  acid  and  of  nitric  oxide  attends 
the  reaction.  The  solution  is  then  evaporated  by  a  water  bath 
to  one-sixth  of  its  bulk,  and  the  acid  crystallizes  on  cooling. 
The  mother-liquor  may  be  further  concentrated  by  evaporation : 
the  oxalic  acid  is  purified  by  recrystallization,  and  amounts  to  more 
than  half  the  weight  of  the  sugar  employed. 

Properties. — Oxalic  acid  as  thus  obtained  crystallizes  in  trans- 
parent four-sided  prisms,  which  are  represented  by  the  formula 
(HO,  C2O3,  2  aq).  This  acid  requires  about  9  parts  of  cold  w^ater 
for  solution,  but  it  dissolves  much  more  freely  in  boiling  water  ;  it  is 
also  soluble  in  alcohol.  The  crystals  when  heated  to  212°  become 
opaque,  and  lose  28*5  per  cent,  of  water.  The  residue  then  consists  of 
(HO,  C2O3),  but  the  remaining  equivalent  of  water  cannot  be  expelled 
by  the  mere  action  of  heat ;  it  can  only  be  displaced  by  some  metallic 
oxide.  If  the  dried  crystals  be  placed  in  a  retort  and  heated  by 
means  of  an  oil  bath  to  between  300°  and  320°,  they  slowly  sublime 
and  condense  in  white  needles;  but  if  heated  above  320°  the  acid 
is  decomposed.  When  the  crystallized  oxalic  acid  (HO,  C2O3,  2  aq) 
is  heated  quickly  without  previous  desiccation,  it  melts  in  its  water 
of  crystallization,  and  at  311°  is  resolved,  with  apparent  ebullition, 
into  a  mixture  of  carbonic  acid,  carbonic  oxide,  water,  and  formic 
acid  (HO,  C2HO3)  :  the  latter  is  produced  by  the  reaction  of  the 
elements  of  water  upon  those  of  oxalic  acid. 

The  solution  of  oxalic  acid  has  an  intensely  sour  taste ;  if 
swallowed,  the  acid  acts  as  a  poAverful  poison,  occasioning  death  in  a 
very  few  hours.  The  best  antidote  in  such  a  case  is  the  adminis- 
tration of  chalk  or  of  magnesia  suspended  in  water. 

It  is  a  general  rule  that  when  an  elementary  body  forms  two  or 
more  acids  with  oxygen,  the  acid  which  contains  the  largest  amount 
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of  oxygen  is  the  most  energetic  in  its  action.  Thus  the  sulphuric 
acid  is  more  powerful  than  the  sulphurous  : — chloric  acid  is  stronger 
than  the  hypochlorous  acid;  and  the  perchloric  is  stronger  than 
either.  It  is_,  however^  otherwise  in  the  case  of  oxalic  acid.  Although 
oxalic  acid  contains  a  smaller  proportion  of  oxygen  than  carbonic 
acid^  its  affinity  for  bases  is  mnch  more  energetic^  and  it  decomposes 
all  the  carbonates  with  effervescence.  The  cause  of  this  remarkable 
exception  to  the  general  rule  has  not  hitherto  been  explained.  Ber- 
zelius  suggests  that  the  carbon  in  oxalic  acid  may  be  in  a  different 
allotropic  condition  to  that  which  exists  in  carbonic  acid.  The 
equivalent  of  carbon  in  oxalic  acid  might  therefore  be  1 2^  or  the 
double  of  what  it  is  in  carbonic  acid ;  and  oxalic  acid  might  thus 
be  a  teroxide  of  a  particular  form  of  carbon,  OOg. 

On  the  other  hand,  the  facility  wdth  which  oxalic  acid,  under 
the  influence  of  sulphuric  acid  (303)  is  decomposed  into  carbonic 
acid  and  carbonic  oxide,  renders  such  a  hypothesis  very  doubtful. 
Some  chemists  have  been  disposed  to  regard  the  oxalic  acid  rather  as 
an  oxide  of  carbonic  oxide,  2  (CO)  O,  than  as  a  true  oxide  of  carbon. 
Such  speculations,  however,  are  valuable  rather  on  account  of  the 
experiments  and  researches  which  they  suggest,  than  from  any 
inherent  probability  which  they  possess. 

Oxalates. — Oxalic  acid  forms  a  large  number  of  insoluble  salts. 
The  insolubility  of  oxalate  of  lime  in  water  has  led  to  the  employ- 
ment of  oxalic  acid  as  a  reagent  for  indicating  the  existence  of  lime 
in  solution,  and  for  determining  its  amount.  On  adding  a  neutral 
oxalate  to  a  neutral  or  alkaline  solution  of  any  salt  of  lime,  the  oxalate 
of  lime  falls  as  a  white  precipitate  (CaO,  C2O3,  2  aq)  which  is  in- 
soluble in  acetic  acid.  The  oxalates  of  baryta,  strontia,  lead,  and 
silver,  are  also  insoluble  in  water,  but  all  these  compounds  dissolve 
readily  in  dilute  nitric  acid.  The  oxalate  of  copper  is  a  pale  blue 
insoluble  powder ;  and  the  oxalates  of  zinc  and  of  manganese  are 
scarcely  more  soluble.  The  oxalate  of  silver  is  a  w^hite  salt,  which, 
if  heated  on  platinum  foil,  is  suddenly  reduced  to  the  metallic 
state,  and  is  dispersed  with  a  slight  explosion,  owing  to  the  sudden 
liberation  of  carbonic  acid;  AgO,C203  =  Ag  +  2  COg.  The  oxalates 
of  the  alkalies  and  of  the  alkaline  earths  are  converted  by  a  dull 
red  heat  into  carbonates  of  these  bases ;  the  carbonic  oxide  burning 
off  with  a  pale  blue  flame,  whilst  the  salt  does  not  exhibit  any 
appearance  of  charring.  The  oxalates  of  many  of  the  metals  which 
have  but  small  affinity  for  oxygen,  are  reduced  to  the  metallic  state 
if  heated  to  redness  in  a  closed  vessel,  so  as  to  exclude  atmo- 
spheric oxygen;    2  equivalents  of  carbonic  acid  gas  being  expelled, 
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whilst  the  pure  metal  is  left  behind.  This  reducing  action  occurs 
in  the  case  of  gold,  when  a  solution  of  a  salt  of  this  metal  is  simply 
boiled  with  an  oxalate ;  the  gold  is  precipitated,  either  in  flakes  or 
in  the  form  of  a  very  finely  divided  powder. 

With  the  alkalies,  oxalic  acid  forms  three  classes  of  salts,  one 
of  which  contains  i  equivalent  of  base  to  i  equivalent  of  acid,  of 
which  the  oxalate  of  ammonia  (H^NO,  CgOg  +  aq)  is  an  example. 
The  second  class  contains  two  equivalents  of  acid  to  one  of  a  fixed  base. 
Binoxalate  of  potash,  or  the  salt  of  sorrel  (KO,  HO,  2  C2O3  +  2  aq)  is 
an  instance  of  this  description;  whilst  the  third  class,  which  is  exem- 
plified by  quadroxalate  of  potash  (KO,  3  HO,  4  C2O3  +  4  aq)  con- 
tains the  unusual  proportion  of  4  equivalents  of  acid  to  i  of  a 
fixed  base.  It  is  very  probable  that  oxalic  acid  belongs  to  the 
class  of  acids  termed  dibasic  (460). 

(407)  Rhodizonic,  Croconic,  and  Mellitic  Acids. — Three  other 
acids  containing  carbon  and  oxygen  are  known  under  these  names, 
but  they  are  of  slight  importance. 

Rhodizonic  Acid,  (3  HO,  C7O7,)  is  an  acid  which  forms  salts  of 
a  beautiful  red  or  scarlet  colour,  whence  it  derives  its  name.  It  is 
obtained  by  the  action  of  a  moist  atmosphere  on  the  dark  olive  green 
compound  which  potassium  yields  when  gently  heated  in  carbonic 
oxide  gas,  and  which  is  largely  formed  during  the  preparation  of 
potassium.  If  the  aqueous  solution  of  rhodizonate  of  potash 
be  boiled,  it  is  decomposed  into  oxalate  of  potash,  and  the  salt  of 
a  new  acid,  which  from  the  yellow  colour  of  its  compounds  is 
termed  Croconic  acid,  whilst  potash  is  set  at  liberty : 

Ehodizonate  potash.        Oxalate  potash.  Croconate  potash.        Potash. 

3  KO,  C7O7  ="KOrCA  +  KO.  C5O4  +  "kO? 

Croconic  acid  is  obtained  by  decomposing  croconate  of  potash 
by  silicofluoric  acid.  It  forms  yellow  crystals  soluble  both  in 
water  and  in  alcohol.  Croconic  acid  and  the  soluble  croconates 
form  yellow  sparingly  soluble  crystalline  plates  when  mixed  with 
salts  of  baryta  or  of  lead. 

Mellitic  Acid  (HO,  C^Oy)  has  hitherto  been  found  only  in  a 
rare  mineral,  the  mellitate  of  alumina,  which  is  now  and  then 
met  with  in  lignite,  and  occurs  crystallized  in  yellow  transparent 
octohedra.  Mellitic  acid  is  extracted  from  mellitate  of  alumina 
by  boiling  the  powdered  mineral  with  carbonate  of  ammonia. 
Mellitate  of  ammonia  is  obtained  in  solution  :  by  the  addition  of 
acetate  of  lead  to  the  liquid,  the  mellitate  of  lead  is  precipitated, 
which,  when  washed,  is  suspended  in  water  and  decomposed  by  a 
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current  of  sulphuretted  hydrogen.  Sulphide  of  lead  is  formed, 
and  is  separated  by  filtration  from  the  solution  which  contains  the 
liberated  mellitic  acid  :  by  evaporation  the  acid  is  left  in  a  state  of 
purity.  This  acid  is  soluble  in  water  and  in  alcohol,  and  it  crystallizes 
in  groups  of  needles  by  the  spontaneous  evaporation  of  the  alcoholic 
solution.  Its  solution  reddens  litmus  strongly,  and  has  a  strong 
sour  taste.  Mellitic  acid  is  unchanged  by  boiling  nitric  or  sul- 
phuric acid.  The  acid  is  decomposed  by  heat  into  a  volatile  crys- 
talline sublimate,  and  into  carbon.  With  the  salts  of  lead  the 
mellitates  give  a  voluminous  white  precipitate,  which  gradually 
shrinks  in  bulk  and  becomes  crystalline. 

§  IV.  Compounds  of  Carbon  with  Nitrogen. 

Cyanogen,  (NC2,  or  Cy);  Equivalent,  %6  ;  Specific  Gravity,  i-8o54; 
Combining  Volume,  %, 

(408)  Cyanogen,  or  bicarbide  of  nitrogen,  is  one  of  the  most 
interesting  compounds  of  carbon,  and  its  discovery  by  Gay  Lussac, 
in  1814,  formed  an  epoch  in  the  history  of  chemical  science. 
This  substance  was  the  first  compound  body  which  was  distinctly 
proved  to  enter  into  combination  with  elementary  substances  in  a 
manner  similar  to  that  in  which  they  combine  with  each  other. 
New  views  of  chemical  composition  were  thus  originated,  which 
have  since  acquired  an  extensive  development,  and  have  exercised 
a  most  material  influence  upon  the  theory  of  organic  compounds 
in  general.  The  name  of  cyanogen  (or  blue  producer),  is  derived 
from  the  circumstance  that  this  body  forms  an  essential  ingredient 
in  Prussian  blue.  It  consists  of  %  equivalents  of  carbon  and  i  of 
nitrogen,  but  no  direct  union  of  these  elements  can  be  effected. 
If  a  mixture  of  charcoal  and  of  carbonate  of  potash  be  heated  to 
redness  in  a  porcelain  tube,  and  nitrogen  be  passed  over  it,  the 
potash  is  reduced  to  potassium,  carbonic  oxide  escapes  abundantly, 
and  cyanogen  (NCg)  is  formed,  and  unites  with  the  potassium,  yield- 
ing cyanide  of  potassium  :   KO,  COg  +  C4  +  N  =  K,  NC2  +  3  CO. 

The  compounds  of  cyanogen  are,  however,  almost  always  ob- 
tained from  the  double  cyanide  of  potassium  and  iron,  a  salt  which 
crystallizes  in  transparent  yellow  tables,  and  is  commonly  known 
by  the  name  of  prussiate  of  potash,  or  ferrocyanide  of  potassium. 
This  salt  is  prepared  by  heating,  in  a  covered  iron  pot,  about  5 
parts  of  refuse  animal  matter,  such  as  the  parings  of  hoofs,  hides, 
horns,  &c.^  with  2  parts  of  pearlash  and  iron  filings ;  the  nitrogen 
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and  carbon  of  the  animal  matters  react  upon  each  other  at  a  high 
temperature,,  and  combine  with  a  portion  of  reduced  potassium  and 
with  iron.  On  digesting  the  mass,  when  cold,  with  water,  the 
ferrocyanide  of  potassium  (Kg,  FeCyg  +  3  aq)  is  formed,  and  is 
deposited  from  the  solution  in  large  four-sided  tables,  which  contain 
3  equivalents  of  water.  When  10  parts  of  this  salt  are  distilled 
with  7  parts  of  oil  of  vitriol  diluted  with  five  or  six  times  its  weight 
of  water,  hydrocyanic  acid  (HCy)  is  formed  ;*  this,  if  saturated 
with  red  oxide  of  mercury,  furnishes,  on  evaporation,  a  crystallizable 
compound,  the  cyanide  of  mercury  (HgCy).  If  this  be  thoroughly 
dried,  and  heated  in  a  retort,  it  is  decomposed  into  mercury,  which 
sublimes,  and  cyanogen,  which  passes  off  as  a  permanent  gas. 

Cyanogen  is  a  transparent,  colourless  gas,  of  a  peculiar  pene- 
trating odour :  it  is  poisonous  if  respired.  It  burns  with  a 
beautiful  purple  flame.  Cyanogen  dissolves  in  one-fourth  of  its  bulk 
of  water,  and  still  more  freely  in  alcohol ;  hence  it  must  be  col- 
lected over  mercury.  In  porcelain  or  glass  vessels  it  supports  a 
high  temperature  without  decomposition,  but  if  heated  in  iron 
tubes,  charcoal  is  deposited,  and  a  volume  of  nitrogen,  equal  to  that 
of  the  cyanogen  used,  remains. 

The  composition  of  cyanogen  may  be  determined  by  detona- 
tion in  the  eudiometer  with  oxygen;  the  combination  is  attended 
with  a  powerful  explosion.  Two  volumes  of  cyanogen  with  4 
volumes  of  oxygen  yield  4  volumes  of  carbonic  acid  and  %  volumes 
of  nitrogen ;  4  volumes  of  carbon  vapour  and  2  volumes  of  nitrogen 
must  therefore  be  condensed  in  it  into  1  volumes. 

Cyanogen  is  readily  reduced  to  the  liquid  state  by  a  pressure  of 
its  own  vapour  equal  to  about  four  atmospheres.  It  forms  a 
colourless,  limpid  liquid,  lighter  than  water,  which,  on  the  removal 
of  the  pressure,  rapidly  but  quietly  resumes  the  gaseous  state.  It 
freezes  at  — 30°  F.,  and  forms  a  transparent  crystalline  solid, 
which  is  nearly  of  the  same  density  as  the  liquid. 

Fig.  281  shows  an  easy  method  of  liquefying  cyanogen:  a 
tube  of  hard  glass  is  bent  into  the  form,  «,  h,  c.  Into  the  limb,  a, 
well  dried  cyanide  of  mercury  is  introduced;  heat  is  applied  to 
the  cyanide  of  mercury  at  a;   the  bend,  by  is  placed  in  a  basin  con- 


*  The  reaction  in  this  case  is  rather  less  simple  than  might  have  been 
anticipated ;  it  was  first  accurately  traced  by  Mr.  Everitt : 

2  (K^FeCya)  +  6  (HO,  SO3)  =  3  HCy  +  (KFe^  Cy,)  +  3  (KO,  HO,  2  SO3) 

Half  the  cyanogen  only  is  expelled  as  hydrocyanic  acid,  the  other  half  remain- 
ing behind  in  the  form  of  a  white,  insoluble,  double  cyanide  of  iron  and  potas- 
sium (KFeo  Cyj). 
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taining  a  freezing  mixture  of  ice  and  salt ;  as  soon  as  the  gas 
begins  to  escape^  the  stopcock  at  c  is  closed^  and  liquid  cyanogen 
condenses  in  the  bend^  b. 

Fig.  281. 


If  potassium  be  heated-  in  cyanogen  it  burns  and  combines 
with  it_,  without  occasioning  the  decomposition  of  the  gas,  forming 
a  saline  body  analogous  to  common  salt.  This  experiment  shows 
the  existence  of  the  remarkable  property  possessed  by  cyanogen  of 
combining  with  metals  and  other  bodies  like  an  element.  This 
peculiarity  in  the  mode  of  combination  of  cyanogen,  which  has 
given  rise  to  the  theory  of  compound  radicles  now  so  extensively 
applied  in  organic  chemistry,  will  be  better  traced  by  examining 
a  few  of  the  numerous  compounds  which  cyanogen  forms  with  the 
elementary  bodies. 

(409)  Hydrocyanic  Acid  :  Prussic  Acid,  (HCy);  Equivalent, 
27;  Specific  Gravity  of  Vapour,  0*9476;  Combining  Volume,  4. — Cya- 
nogen forms  with  hydrogen  a  highly  important  compound,  though 
the  two  bodies  cannot  be  made  to  unite  directly  with  each  other. 
It  may  be  prepared  by  decomposing  any  of  the  cyanides  by  a  strong 
acid,  and  subjecting  them  to  distillation.  The  most  economical 
process  is  that  of  Wohler  j  he  prepares  a  crude  cyanide  of  potassium 
by  fusing  8  parts  of  the  yellow  ferrocyanide  of  potassium  with  3 
of  carbonate  of  potash  and  i  part  of  charcoal.  In  this  reaction  the 
potash  of  the  carbonate  is  deprived  of  oxygen  by  the  charcoal,  and 
the  potassium  takes  the  place  of  the  iron  in  the  ferrocyanide;  3 
equivalents  of  cyanide  of  potassium  being  formed;  the  carbonic 
acid  of  the  carbonate  of  potash  is  also  reduced  to  the  state  of  car- 
bonic oxide  by  the  excess  of  charcoal  which  is  employed.  This 
decomposition  is  shown  in  the  following  equation : — 

K2,  FeCyg  +  KO,  CO^  +  C3  =  3  KCy  +  Fe  4-  3  CO. 
The  fused  mass  is  treated  with  six  times  its  weight  of  water,  in  a 
well  closed  vessel ;  the  clear  liquid  is  decanted  from  the  iron  which 
it  is  the  object  of  this  operation  to  separate,  and  is  poured  into  a 
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retort :  sulphuric  acid,  diluted  with  an  equal  weight  of  water,  is  gra- 
dually added  in  the  proportion  of  i  part  of  oil  of  vitriol  to  2  parts  of 
the  cyanide.  At  first  the  distillation  proceeds  spontaneously  from 
the  heat  developed  by  the  admixture  of  the  sulphuric  acid  with  the 
water.  In  order  to  condense  the  acid,  the  products  are  made  to 
pass  through  a  long  U-shaped  tube,  immersed  in  cold  water,  and 
filled  with  chloride  of  calcium,  with  the  exception  of  the  first 
fourth  of  the  tube,  which  contains  fi:"agments  of  the  crude  cyanide 
of  potassium ;  to  the  bent  tube  is  attached  a  second  delivering  tube, 
which  passes  to  the  bottom  of  a  bottle  cooled  with  ice  and  salt. 
The  chloride  of  calcium  in  the  syphon  tube  retains  the  moisture, 
and  the  cyanide  of  potassium  absorbs  any  sulphuric  acid  that  might 
chance  to  pass  over,  whilst  the  hydrocyanic  acid  collects  in  an 
anhydrous  state  in  the  cooled  receiver.  The  reaction  of  sulphuric 
acid  upon  cyanide  of  potassium  is  very  simple,  being  exactly 
analogous  to  its  action  upon  chloride  of  sodium : 

KCy  +  HO,  SO3  =  KO,  SO3  +  HCy. 

Anhydrous  hydrocyanic  acid  is  a  colourless,  transparent,  and 
very  volatile  liquid,  of  a  specific  gravity  of  07058  at  45°;  it  boils 
at  80°,  and  freezes  at  5°;  so  rapidly  does  it  evaporate,  that  if  a 
drop  be  allowed  to  fall  upon  a  glass  plate,  part  of  the  acid  becomes 
frozen  by  the  cold  produced  by  its  own  evaporation.  Its  vapour  has 
an  odour  of  peach  blossoms,  causing  a  peculiar  sense  of  oppression, 
and  of  constriction  in  the  fauces.  Owing  to  its  intensely  poisonous 
character,  the  greatest  care  is  requisite  in  conducting  experiments 
upon  this  substance ;  the  apparatus  should  always  be  arranged  so 
that  the  vapours  are  carried  away  from  the  operator  by  a  brisk 
current  of  air. 

Hydrocyanic  acid  is  very  inflammable,  and  in  the  gaseous  state 
has  a  sp.  gr.  0*9476.  Like  the  hydrogen  acids  of  chlorine,  and  the 
other  halogens,  it  is  composed  of  2  volumes  of  hydrogen  and 
2  of  cyanogen  united  without  condensation.  If  5  volumes  of 
oxygen  be  mingled  with  4  volumes  of  this  vapour,  a  mixture  is 
obtained  which  detonates  powerfully  on  transmitting  the  electric 
spark  through  it ;  4  volumes  of  carbonic  acid  and  2  volumes  of 
nitrogen  remain,  and  2  volumes  of  steam  condense.  The  compo- 
sition of  hydrocyanic  acid  may  be  calculated  from  the  result  of 
this  experiment. 

The  acid  properties  of  this  compound  are  but  feeble ;  it  reddens 
litmus  slightly,  dissolves  red  oxide  of  mercury  freely,  and  preci- 
pitates nitrate  of  silver  in  white  flocculi   (AgCy).     Cyanide    of 
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potassium  always  has  an  alkaline  reaction :  its  solution  emits  the 
odour  of  the  acid.  Pure  hydrocyanic  acid  may  be  kept  unchanged 
if  excluded  from  light;  but  in  diiBFused  light  it  becomes  decom- 
posed, and  a  brown  matter  forms_,  consisting  chiefly  of  paracyanogen. 
Pelouze  has  pointed  out  a  remarkable  decomposition  which 
furnishes  dilute  hydrocyanic  acid  almost  in  a  state  of  purity. 
Crystallized  formiate  of  ammonia  contains  the  elements  of  i  equi- 
valent of  hydrocyanic  acid  and  4  equivalents  of  water.  If  this 
salt  be  placed  in  a  retort  and  heated,  it  melts  at  248°,  loses  a  little 
ammonia  at  284°,  and  between  ^^6°  and  392°  F.  distils  over,  and  is 
wholly  converted  into  hydrocyanic  acid  and  water ;  H4NO,  C2HO3 
=  HNC2  +  4  HO. 

Hydrocyanic  acid  is  obtained  by  distillation  from  the  kernels 
of  the  bitter  almond,  and  from  those  of  many  varieties  of  stone 
fruit,  as  well  as  from  the  leaves  of  the  laurel,  the  peach,  and  some 
other  shrubs :  it  is  also  present  in  the  juice  of  the  tapioca  plant 
[Jatropha  Manihot),  and  is  found  under  various  circumstances 
during  the  oxidation  and  formation  of  some  kinds  of  nitrogenized 
substances. 

Hydrocyanic  acid  is  now  frequently  employed  in  medicine ; 
and  on  account  of  its  energetic  action,  it  is  highly  important  to 
be  able  to  insure  its  preparation  of  an  uniform  strength.  This 
is  easily  attained  by  the  process  of  the  London  Pharmacopoeia, 
which  directs  48 i  grains  of  cyanide  of  silver  to  be  suspended  in  an 
ounce  of  water,  and  to  be  decomposed  by  39  J  grains  of  hydrochloric 
acid,  decanting  the  clear  liquid  from  the  chloride  of  silver;  this 
acid  contains  two  per  cent,  of  the  anhydrous  acid.  The  dilute  acid 
is  less  prone  to  decomposition,  especially  if  a  little  free  sulphuric  acid 
be  present :  but  it  should  always  be  excluded  from  the  light. 

(410)  Cyanides.  —  The  cyanides  of  the  alkaline  metals  are 
freely  soluble  in  water.  A  large  number  of  the  cyanides  of 
the  heavier  metals  are  insoluble  in  water,  but  most  of  them  are 
decomposed  with  evolution  of  hydrocyanic  acid  when  boiled  with 
hydrochloric  acid ;  those  of  silver  and  mercury,  when  heated  to 
redness,  yield  cyanogen  gas. 

The  presence  of  the  soluble  cyanides,  or  of  hydrocyanic  acid 
in  solution,  may  be  determined  by  the  following  tests : 

1 .  With  nitrate  of  silver  the  formation  of  a  white,  curdy  pre- 
cipitate, which  does  not  blacken  by  exposure  to  light ;  it  is  nearly 
insoluble  in  cold  nitric  acid;  when  heated  to  redness  it  gives  off 
the  inflammable  vapour  of  cyanogen. 

2.  If  to  the  liquid  a  slight  excess  of  potash  be  added^  then  a 
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mixture  of  protosulpliate  and  persulphate  of  iron,  a  precipitate  is 
occasioned  which  when  treated  with  excess  of  hydrochloric  acid 
leaves  Prussian  blue. 

3.  Acidulate  the  liquid  with  a  few  drops  of  hydrochloric  acid, 
place  it  in  a  watch  glass,  and  invert  over  it  a  second  watch  glass 
moistened  with  a  drop  of  solution  of  hydrosulphate  of  ammonia; 
after  a  few  minutes  the  upper  watch  glass  is  removed,  the  liquid 
evaporated  to  dryness  by  steam  heat,  and  the  dry  residue  is  treated 
with  a  drop  of  solution  of  sesquichloride  of  iron;  a  red  sulpho- 
cyanide  of  iron  is  thus  formed ;  a  quantity  of  hydrocyanic  acid  not 
exceeding  Wb^tt  of  a  grain  may  thus  be  detected  (Dr.  A.  Taylor). 

The  cyanides  of  iron,  of  cobalt,  of  chromium,  of  platinum,  and 
of  some  other  metals,  form  compounds  with  the  cyanides  of 
the  alkalies  and  of  the  earths,  of  a  peculiar  character,  in  which 
the  presence  of  the  iron,  or  of  the  cobalt,  &c.,  cannot  be  detected 
by  the  usual  tests  for  these  metals.  Some  of  these  compounds 
are  of  considerable  importance,  and  will  be  noticed  at  a  future  point. 

(411)  Cyanic  Acid,  (HO,  CyO);  Equivalent ,  9  +  34.  —  If 
cyanogen  gas  be  passed  into  an  alkaline  solution,  a  change  ensues 
something  analogous  to  that  which  occurs  when  chlorine  is  similarly 
treated,  cyanide  and  cyanate  of  the  base  are  produced;  but  the 
cyanic  acid  contains  only  i  equivalent  of  oxygen  united  with  i  of 
cyanogen;  2  Cy4-2  KO  =  KCy-f  KO,  CyO. 

Cyanate  of  potash,  however,  is  better,  prepared  in  a  state 
of  purity,  by  fusing  the  cyanide  of  potassium  in  a  crucible  and 
adding  litharge  (oxide  of  lead)  in  small  quantities  till  the  oxide 
ceases  to  be  decomposed ;  KCy  +  2  PbO  =  KO,  CyO  +  2  Pb. 
The  cyanate  is  easily  separated  from  the  reduced  lead  and  the 
excess  of  oxide  of  lead,  which,  from  their  superior  density,  sink 
through  the  melted  mass  to  the  bottom.  Another  method  of 
preparing  the  cyanate  of  potash  consists  in  heating  an  intimate 
mixture  of  2  parts  of  thoroughly  dried  ferrocyanide  of  potassium  with 
I  part  of  finely  powdered  anhydrous  peroxide  of  manganese :  the 
mixture  is  placed  upon  a  sheet-iron  plate  and  heated  to  dull  red- 
ness, and  the  mass  is  kept  constantly  stirred.  When  the  com- 
bustion has  ceased,  cyanate  of  potash  may  be  dissolved  out  of  the 
residue  with  hot  alcohol,  from  which  it  crystallizes  as  the  solution 
cools. 

Cyanate  of  potash,  if  kept  dry,  may  be  preserved  without 
change ;  but  so  unstable  is  the  cyanic  acid  when  uncombined  with 
a  base,  that  on  attempting  to  separate  it  from  the  cyanate  of  potash 
by  the  addition  of  sulphuric  or  any  other  acid,  traces  of  it  only  are 
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obtained ;  a  brisk  efFervescence  ensues_,  each  equivalent  of  the 
cyanic  acid  assimilates  the  elements  of  water,  and  is  almost 
entirely  resolved  into  i  equivalent  of  ammonia,  which  remains  in 
combination  with  the  acid  employed  in  decomposing  the  cyanate, 
and  2  equivalents  of  carbonic  acid,  which  escape  with  effer- 
vescence : 

I  Eq.  Cyanic  acid  =      CgNO  |   (      C^    0^=  2  Eq.  Carbonic  acid. 
I  Eq.  Water        =H3        Oaj    (,^3     N     =  i  Eq.  Ammonia 

Cyanic  acid  may  be  otherwise  procured :  viz.,  by  distilling 
cyanuric  acid  (2HO,  C6N3HO4),  which  is  a  crystallizable  acid  sub- 
stance, containing  exactly  the  same  elements  as  3  equivalents  of 
hydrated  cyanic  acid.  When  this  compound  is  sealed  up  in 
a  bent  glass  tube,  one  limb  of  which  is  kept  cool  whilst  heat  is 
applied  to  the  cyanuric  acid  in  the  other  limb,  a  limpid,  colourless 
liquid  distils  over  and  is  condensed.  The  cyanuric  acid  is  thus 
wholly  converted  into  pure  hydrated  cyanic  acid. 

Cyanic  acid  has  an  extremely  pungent  odour,  and  is  very  vola- 
tile ;  it  acts  as  a  powerful  caustic  if  incautiously  dropped  upon  the 
skin.  It  is,  however,  impossible  to  preserve  this  compound,  as 
in  the  course  of  a  few  hours  it  spontaneously  changes  into  a  w^hite 
enamel-like  mass,  which  is  permanent  in  the  air,  insoluble  in 
water,  and  destitute  of  acid  properties.  To  this  body  the  name  of 
cyamelid  has  been  given.  It  has  the  same  composition  by  weight 
as  the  hydrated  cyanuric  and  cyanic  acids. 

Solutions  of  the  soluble  cyanates  give  white  precipitates  with 
solutions  of  the  salts  of  lead,  of  silver,  or  of  peroxide  of  mercury ; 
they  yield  no  precipitate  with  solution  of  corrosive  sublimate,  or 
with  the  solutions  of  salts  of  iron  or  of  tin. 

(412)  FuLMiNic  Acid,  not  isolable :  formula  of  its  salts, 
(2  MO,  N2C4O2.)  —  Besides  the  remarkable  oxides  of  cyanogen 
already  mentioned,  there  is  another  acid  which  yields  on  analysis 
the  same  percentage  of  its  components  as  cyanic  and  cyanuric 
acids,  and  cyamelid,  though  it  possesses  properties  totally  different 
from  any  of  them.  Its  compounds  explode  with  fearful  violence. 
By  dissolving  i  grain  of  silver  in  20  of  nitric  acid  diluted  with 
about  50  grains  of  alcohol,  crystals  which  contain  the  new  compound 
are  formed,  which,  when  dry,  detonate  with  the  slightest  friction : 
they  consist  of  2  AgO,  N2C4O2.  The  reaction  by  which  this  salt  is 
produced  is  complicated ;  the  nitrogen  however  is  derived  from 
the  nitric  acid,  and  the  carbon  from  the  alcohol. 
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Fulminate  of  silver  may  also  be  formed  by  transmitting  nitrous 
acid  through  a  saturated  solution  of  nitrate  of  silver  in  alcohol ; 
the  elements  of  alcohol  and  nitrous  acid  react  upon  each  other, 
and  in  the  presence  of  oxide  of  silver  form  the  fulminate ;  2  NOg-f 
C4H5O,  HO  =  N2C4O2  +  6  HO.  The  corresponding  salt  of  mercury, 
when  mixed  with  six  times  its  weight  of  nitre  and  made  into  a 
paste  with  water,  is  used  for  priming  percussion  caps  ;  it  is  some- 
what less  dangerous  than  the  silver  compound,  but  requires  great 
care  in  handling.  In  order  to  prepare  it,  one  part  of  mercury  is 
dissolved  in  13  of  nitric  acid,  of  specific  gravity  1*36,  and  11  parts 
of  alcohol,  of  specific  gravity  0-850,  is  added.  On  applying  a  gentle 
heat  by  means  of  a  water  bath  a  violent  reaction  commences,  nitrous 
ether  is  liberated,  metallic  mercury  is  deposited,  and  in  a  short  time 
opaque  minute  grains  of  fulminate  of  mercury  separate,  and  when 
cold  must  be  washed  with  cold  water.  Boiling  water  dissolves  the 
salt,  and  deposits  it  in  fine  silky  needles,  which  detonate  violently 
on  percussion  or  on  friction  between  two  hard  bodies. 

Fulminic  acid  has  not  been  obtained  in  an  isolated  form ;  on 
attempting  to  separate  it  from  its  salts  by  a  more  powerful  acid  it 
is  resolved  into  hydrocyanic  acid  and  other  bodies. 

(413)  Isomerism. — The  properties  of  these  oxides  of  cyanogen 
serve  clearly  to  show  that  mere  identity  in  ultimate  composition 
is  not  sufficient  to  produce  identity  of  chemical  character  or  pro- 
perties ;  they  place  the  doctrine  of  isomerism  (or  the  existence  of 
compounds  identical  in  ultimate  composition,  but  different  in  che- 
mical properties)  in  a  striking  point  of  view.  Numerous  other 
instances  will  occur  as  we  pursue  further  the  study  of  the  dijfferent 
compounds,  not  only  of  cyanogen,  but  of  other  bodies,  and  parti- 
cularly of  those  which  form  the  subject  of  organic  chemistry. 

There  are  various  forms  of  isomerism ;  in  some  cases  we  have 
no  clue  to  the  probable  difterences  of  molecular  arrangement ;  in 
others  there  is  every  reason  to  suppose  tliat  the  arrangement  of  the 
elementary  molecules  is  on  a  totally  diflerent  plan  in  the  two  bodies 
which  are  compared.  Hydrated  cyanic  acid,  for  instance,  may  be 
represented  as  hydrated  oxide  of  cyanogen;  whilst  it  is  certain 
that  in  cyamelid,  which  is  insoluble,  and  presents  nothing  of  the 
acid  character,  the  arrangement  of  its  constituents  is  quite  diffe- 
rent. Isomeric  compounds,  the  equivalent  numbers  of  which  are 
identical,  are  said  to  be  metameric.  In  other  cases,  the  differences 
in  properties  of  bodies  which  contain  equal  amounts  of  their  con- 
stituents ill  IDO  parts,  may  be  simply  explained  upon  the  supposition 
that  in  the  different  compounds  the  state  of  condensation  of  these 
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elements  is  different ;  bodies  supposed  to  be  thus  constituted  have 
been  termed  polymeric. 

The  following  table  contains  a  list  of  several  different  polymeric 
compounds  of  carbon  and  hydrogen  which  contain  these  two  ele- 
ments in  the  proportion  of  single  equivalents  of  each.  Each  of 
these  bodies,  however,  possesses  properties  peculiar  to  itself;  and  if 
equal  volumes  of  the  vapour  of  each  be  compared_,  it  will  be  found 
that  the  elements  have  undergone  different  degrees  of  condensation 
in  the  different  compounds.  As  the  density  of  the  vapour  increases 
it  has  been  observed  that  the  boiling  point  of  such  as  are  liquid 
rises  proportionately.  Supposing  that  an  equivalent  of  each  com- 
pound gives  off  4  volumes  of  vapour,  the  formulae  will  be  such  as 
are  contained  in  the  subjoined  table  : — 


Substances.                                     Formula. 

Density  of  vapour. 

Boiling 
point  °  F. 

Observed. 

Calculated. 

Methylene C2H2 

Olefiant  gas C4H4 

Propylene CgHg 

Oil  gas C.H^ 

Amylene Cj^Hjo 

Caproylene C12H12 

Naphthene CjgH^g 

Eleene C.Ji.,^ 

Paramylene      ....     C20H20 

Cetylene C32H32 

Cerotylene C^^H., 

Melissine CgoHgo 

0-490 
0-978 

1-852 

2*68 

2-875 
3-812 
4-071 
5-061 
8-007 

0-483 
0*967 
I -45 1 

I '934 

2-418 
2*902 
3-868 

4-836 

7-736 
12-159 
14-508 

0 
102 

320 
527 

In  this  series,  olefiant  gas  has  double  the  density  of  methylene, 
and  hence  it  must  contain  in  the  same  volume  of  vapour  twice  as 
many  elementary  molecules.  In  like  manner  oil  gas  must  contain 
twice  as  many  molecules  as  olefiant  gas,  and  four  times  as  many 
as  methylene  ;  naphthene  will  contain  twice  as  many  as  oil  gas, 
and  cetylene  again  will  contain  double  the  number  of  particles  in 
the  same  volume  of  vapour  as  naphthene. 

(414)  Paracyanogen,  (NgCe?). — The  ordinary  operation  of 
preparing  cyanogen  gas  from  cyanide  of  mercury  affords  a  good 
illustration  of  this  form  of  isomerism.  After  the  mercury  and  the 
cyanogen  have  been  expelled  from  the  glass  retort,  there  always 
remains  a  certain  quantity  of  a  brown  matter,  composed  of  nitro- 
gen and  carbon,  combined  in  the  same  proportions  as  in  cyanogen. 
Paracyanogen,  as  this  brown  body  is  called,  is  insoluble  in  water; 
it  is  neither  volatile  nor  fusible,  but  like  cyanogen  it  enters 
into  combination  with  other  elementary  bodies,  though  the  com- 
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position  of  these  compounds  has  been  as  yet  but  imperfectly 
studied. 

In  paracyanogen  the  carbon  and  nitrogen  are  more  condensed 
than  in  cyanogen  ;  so  that  if  we  regard  cyanogen  as  composed  of 
NCg,  paracyanogen,  according  to  the  experiments  of  Professor 
Johnston,  would  consist  of  NgCg,  its  equivalent  number  being 
three  times  that  of  cyanogen,  and  the  elements  which  compose  it 
being  more  compactly  united. 

(415)  Chlorides  of  Cyanogen. — Chlorine  forms  with  cyano- 
gen three  isomeric  compounds  :  one  is  gaseous  at  the  ordinary 
temperature  of  the  air;  the  second  is  liquid,  and  the  third  is  solid. 

The  Gaseous  Chloride  of  Cyanogen,  (CyCl),  {Equivalent,  61-5, 
Specific  Gravity,  2*124,)  is  colourless  :  it  has  an  intolerably  pungent 
odour,  and  irritates  the  eyes  powerfully ;  at  0°  F.  it  condenses  in 
long  prismatic  needles,  which  fuse  at  5°.  Four  volumes  of  the  gas 
contain  2  volumes  of  chlorine  and  2  of  cyanogen,  united  without 
condensation.  It  dissolves  freely  in  water,  ether,  and  alcohol ;  the 
solution  has  no  acid  reaction,  and  does  not  precipitate  nitrate  of 
silver.  Gaseous  chloride  of  cyanogen  is  obtained  readily  by  trans- 
mitting a  current  of  chlorine  through  a  retort  containing  a  mixture 
of  powdered  cyanide  of  mercury  and  water  cooled  to  32°  by  immer- 
sion in  melting  ice.  Chloride  of  cyanogen  dissolves  in  the  water, 
and  may  be  expelled  by  the  application  of  a  gentle  heat ;  it  may 
be  collected  over  mercury.  According  to  M.  Persoz  the  gaseous 
chloride  of  cyanogen,  if  liquefied  under  the  pressure  of  its  own 
vapour,  and  preserved  in  tubes  hermetically  sealed,  gradually 
becomes  converted  into  a  crystallized  mass  of  the  solid  chloride. 

Liquid  Chloride  of  Cyanogen,  (CygClg),  [Equivalent  123,)  is 
obtained  by  exposing  cyanide  of  mercury  to  the  action  of  chlorine 
gas  in  direct  sunlight.  A  yellowish  oily  liquid  is  thus  obtained 
which  boils  at  61°  F.,  and  is  converted  into  a  crystalline  mass  at 
19''.  It  has  an  odour  resembling  that  of  the  gaseous  chloride. 
Liquid  chloride  of  cyanogen  does  not  mix  with  water,  but  dissolves 
freely  in  alcohol. 

Solid  Chloride  of  Cyanogen,  (CygCy  ;  Equivalent,  184*5. — This 
substance  crystallizes  in  white  needles.  It  has  a  disagreeable 
odour,  like  that  of  mice.  Chloride  of  cyanogen  melts  at  284°,  and 
boils  at  374°.  The  specific  gravity  of  its  vapour,  according  to 
Bineau,  is  6-39  ;  in  this  compound,  therefore,  6  volumes  of  chlorine 
and  6  volumes  of  cyanogen  are  condensed  into  4  volumes.  Tiiis 
chloride  is  but  sparingly  soluble  in  water,  though  it  is  freely  taken 
up  by  alcohol  and  ether.    It  is  very  poisonous.    Tiie  solid  chloride 
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of  cyanogen  may  be  prepared  by  decomposing  concentrated  hydro- 
cyanic acid  by  exposing  it  in  a  glass  vessel  with  an  excess  of  dry 
chlorine  to  the  direct  rays  of  the  sun. 

Bromine  and  iodine  form  solid  crystalline  compounds  with 
cyanogen,  corresponding  in  composition  with  the  gaseous  chloride ; 
they  may  be  obtained  by  distilling  cyanide  of  mercury  with 
bromine  or  with  iodine. 

(416)  There  are  other  important  compounds  of  cyanogen,  the 
consideration  of  which  will  be  more  advantageously  pursued  here- 
after ;  it  will  be  sufficient  at  this  point  to  indicate  some  of  their 
leading  chemical  peculiarities. 

Cyanogen,  as  we  have  seen,  enters  into  combination  with  the 
non-metallic  elements  as  though  it  were  itself  an  elementary 
body.  In  this  manner  bodies  such  as  the  chlorides,  the  bromides, 
and  the  iodides  of  cyanogen  may  be  obtained ;  they  form  well- 
defined  compounds,  which  do  not  exhibit  any  special  tendency  to 
unite  with  other  elements.  In  other  cases,  however,  it  is  impor- 
tant to  observe  that  many  of  the  compounds  to  which  cyanogen  gives 
rise  are  themselves  endowed  with  the  property  of  uniting  again,  as 
though  they  were  simple  bodies,  with  other  elements.  With  sul- 
phur, for  example,  cyanogen  forms  a  bisulphide  (NCgSg),  which,  in 
combination  with  the  metals,  performs  the  part  of  a  compound 
radicle,  usually  termed  sulphocyanogen  (Scy),  and  which  produces 
a  series  of  salts,  termed  sulphocyanides,  many  of  which  may  be 
crystallized ;  of  this  the  sulphocyanide  of  potassium,  K,  NC2S2  or 
K  Scy,  furnishes  an  instance.  Similar  compound  radicles  are 
furnished  also  by  the  union  of  cyanogen  with  many  of  the  metals 
themselves ;  in  this  way  iron  in  the  ferrocyanides,  and  cobalt  and 
chrome  in  the  cobalticyanides  and  chromocyanides,  form  each  a 
compound  group,  or  salt  radicle,  which,  when  it  unites  in  its  turn 
with  other  metals,  performs  the  functions  of  a  simple  body,  such 
as  chlorine  or  iodine ;  an  example  of  this  is  seen  in  the  well  known 
prussiate  of  potash,  or  as  it  is  usually  termed,  ferrocyanide  of 
potassium,  (Kg,  Fe  Cyg),  in  which  the  compound  of  iron  and 
cyanogen,  FeCyg,  is  considered  as  a  compound  radicle  (Fey). 

§  V.    General  Remarks  on  the  Discrimination  of  the 
Gases  from  each  other. 

(417)  Having  now  described  all  the  gaseous  compounds  which 
are  of  any  considerable  importance,  with  the  exception  of  two — viz., 
arseniuretted  hydrogen  and  telluretted  hydrogen,  it  will  be  advan- 
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tageous  to  take  a  brief  review  of  their  general  characters  before 
passing  to  the  consideration  of  the  metals  and  their  compounds. 

There  are  about  thirty  bodies  which  are  permanently  gaseous 
at  the  mean  temperature  of  the  atmosphere.  Several  of  these 
compounds  are  met  with  in  the  uncombined  form  in  the  atmo- 
sphere, either  uniformly,  or  under  particular  circumstances  not  of 
unfrequent  occurrence  :  these  gases  are  oxygen,  nitrogen,  carbonic 
acid,  sulphurous  acid,  hydrosulphuric  acid,  ammonia,  and  occa- 
sionally carbonic  oxide  and  light  carburetted  hydrogen.  Generally 
speaking,  the  different  gases,  when  pure,  are  readily  distinguished 
from  each  other  by  some  well  marked  physical  or  chemical  pro- 
perty. The  few  gases  which  are  coloured  are  at  once  indicated  by 
the  peculiarity  of  their  tint,  conjoined  with  their  characteristic 
odour ;  in  this  manner  peroxide  of  nitrogen,  chlorine,  hypochlorous 
acid,  chlorous  acid,  peroxide  of  chlorine,  and  bromine  vapour  are 
at  once  recognised. 

Many  gases  have  a  peculiar  and  characteristic  odour.  Some 
of  the  most  important,  however,  including  oxygen,  nitrogen,  hydro- 
gen, carbonic  acid,  carbonic  oxide,  light  carburetted  hydrogen, 
olefiant  gas,  and  protoxide  of  nitrogen,  are  destitute  of  odour,  and 
require  other  means  for  discriminating  them  from  each  other. 

(418)  In  order  to  aid  the  operator  in  distinguishing  the  dif- 
ferent gases  from  each  other,  Thenard  divided  them  into  four  groups, 
the  arrangement  being  dependent  upon  the  action  of  a  solution  of 
potash  upon  them,  conjoined  with  the  occurrence  or  the  absence  of 
combustion  on  the  application  of  a  lighted  match  to  the  gas.  The 
action  of  potash  is  ascertained  by  admitting  a  few  drops  of  a  solu- 
lution  of  potash  into  a  test  tube  filled  with  the  gas,  and  standing 
over  mercury ;  on  agitating  the  contents  of  the  tube,  it  is  imme- 
diately obvious  whether  any  absorption  occurs.  The  application 
of  a  lighted  match  to  another  small  tube  filled  with  the  gas  shows 
whether  it  be  inflammable,  or  whether  it  extinguishes  or  supports 
combustion. 

The  four  groups  of  gases  which  are  formed  by  the  application 
of  these  tests  are  the  following  : — 

1 .  Gases  which  are  absorbable  by  potash,  but  which  are  not 

inflammable. 

2.  Gases  absorbable  by  potash,  but  which  are  inflammable. 

3.  Gases  insoluble  in  potash,  not  inflammable. 

4.  Gases  insoluble  in  potash,  which  are  inflammable. 

We  proceed  to  point  out  briefly  the  characters  of  the  compo- 
nents of  each  group. 
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(419)  I.   Gases  which  are  absorbable  by  potash,  but  are  not 
wflammable ;  these  are  15  in  number: — viz.. 


I. 

Hydrocliloiic  acid 

9- 

Nitrous  acid 

2. 

Hydrobromic  acid 

10. 

Peroxide  of  chlorine 

3- 

Hydriodic  acid 

II. 

Chlorous  acid 

4- 

Fluoride  of  silicon 

12. 

Hypochlorous  acid 

5- 

Fluoride  of  boron 

13- 

Chlorine 

6. 

Chloride  of  boron 

14. 

Carbonic  acid 

7- 

Chlorocarbonic  acid 

15- 

Chloride  of  cyanogen 

8.  Sulphurous  acid 

Of  these  gases  each  of  the  first  eleven  reddens  litmus  paper, 
when  moistened  and  plunged  into  it.  Hypochlorous  acid  and 
chlorine  destroy  its  colour,  and  bleach  it  entirely.  Carbonic  acid 
is  nearly  without  action,  and  chloride  of  cyanogen  produces  no 
effect  upon  its  colour.  The  first  six  gases  fume  strongly  when 
mixed  with  the  air,  owing  to  their  action  on  the  moisture  which  it 
contains  :  the  solutions  in  water  of  hydrochloric,  hydrobromic,  and 
hydriodic  acids  are  immediately  distinguished  by  the  usual  tests. 
Each  gas  also  presents  certain  peculiarities,  viz. — 1.  A  small  quan- 
tity of  chlorine  produces  no  change  in  the  hydrochloric  gas ;  2.  In 
hydrobromic  gas  it  occasions  the  separation  of  red  fumes  of  bro- 
mine; and  3.  In  the  hydriodic  gas  violet  fumes  of  iodine  appear. 

4.  Fluoride  of  silicon  is  recognised  by  the  gelatinous  deposit  of 
silica  which  water   produces  when  the  gas  dissolves  in  this  liquid. 

5.  The  fluoride  of  boron  produces  a  gelatinous  precipitate  in  the 
solution  of  potash,  but  not  in  pure  water.  6.  Chloride  of  boron 
is  decomposed  by  water  into  hydrochloric  and  boracic  acids,  which 
may  be  recognised  in  the  solution  by  the  appropriate  tests. 
7.  Chlorocarbonic  acid  has  a  peculiar,  pungent  odour,  and  is  decom- 
posed by  water  into  hydrochloric  and  carbonic  acids.  8.  Sulphu- 
rous acid  is  immediately  recognised  by  the  suffocating  odour  of  a 
sulphur  match  :  it  is  absorbed  by  the  peroxide  of  lead,  and  a  white 
sulphate  of  lead  is  formed.  9.  Nitrous  acid  is  sufficiently  charac- 
terized by  its  colour  and  peculiar  odour ;  and,  10.  the  same  may  be 
remarked  of  peroxide  of  chlorine.  1 1 .  Chlorous  acid  has  a  greener 
tinge  than  the  peroxide  of  chlorine,  and  it  yields  a  bright  yellow 
solution  when  dissolved  in  w^ater.  12.  Hypochlorous  acid  has  the 
odour  of  the  bleaching  compounds  of  chlorine  with  the  alkalies  and 
earths,  and  it  rapidly  destroys  vegetable  colours  :  these  three  oxides 
of  chlorine  detonate  by  the  application  of  a  temperature  below  that 
of  boiling  water.    13.  Chlorine  is  distinguished  by  its  green  colour. 
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remarkable  odour,  by  its  bleaching  action  on  vegetable  colours, 
and  by  its  sparing  solubility  in  water,  which  takes  up  about  twice 
its  bulk.  14.  Carbonic  acid  extinguishes  flame,  renders  lime- 
water  turbid,  and  dissolves  in  about  its  own  bulk  of  w^ater. 
15.  Chloride  of  cyanogen  is  recognised  by  its  pungent  odour,  and 
its  peculiar  irritating  eftect  on  the  eyes. 

(430)   2.  Gases  absorbable  by  Potash,   and  inflammable ;  these 
are  only  4  in  number  : — viz.. 


1.  Sulphuretted  hydrogen 

2.  Seleniuretted  hydrogen 


3.  Telluretted  hydrogen 

4.  Cyanogen. 


These  gases  are  recognised  with  great  facility,  i .  Sulphuretted 
hydrogen  has  a  peculiar  odour  of  putrid  eggs ;  it  burns  with  a  blue 
flame,  often  attended  with  a  deposit  of  sulphur :  it  blackens  paper 
soaked  in  a  solution  of  acetate  of  lead,  and  is  decomposed  by  moist 
chlorine,  with  separation  of  sulphur ;  water  dissolves  about  twice 
its  bulk  of  the  gas.  2.  Seleniuretted  hydrogen  has  an  odour  analo- 
gous to  that  of  the  preceding  gas ;  its  aqueous  solution  gradually 
deposits  selenium  in  the  form  of  a  red  amorphous  precipitate :  it 
precipitates  salts  of  zinc  of  a  flesh  red  colour.  3.  Telluretted  hydro- 
gen is  also  decomposed  by  chlorine,  metallic  tellurium  subsiding  as  a 
brown  powder.  4.  Cyanogen  burns  with  a  rose- edged  purple 
flame ;  it  has  a  penetrating  characteristic  odour.  If  mixed  with 
an  equal  volume  of  oxygen,  and  a  red  hot  platinum  wire  be 
suspended  in  the  mixture,  red  nitrous  fumes  are  produced  by  the 
oxidation  of  the  nitrogen  contained  in  the  gas. 

(421)  3.  Gases  not  absorbable  by  Potash,  and  not  inflammable ; 
of  these  also  there  are  four — viz.. 


I.  Oxygen 


2.  Protoxide  of  nitrogen 


3.  Nitrogen 

4.  Deutoxide  of  nitrogen. 


I.  Oxygen  is  at  once  distinguished  from  all  other  gases  by  its 
property  of  kindling  a  glowing  match,  by  its  power  of  producing 
red  fumes  when  mixed  with  deutoxide  of  nitrogen,  and  by  its  inso- 
lubility in  water  when  agitated  with  it.  2.  Protoxide  of  nitrogen, 
though  it  rekindles  a  glowing  match,  dissolves  when  agitated  wdth 
water.  3.  Nitrogen  extinguishes  the  flame  of  burning  bodies ;  it  is 
insoluble  in  water,  and  does  not  render  lime-water  turbid. 
4.  Deutoxide  of  nitrogen  is  instantly  recognised  by  the  red  fumes 
which  it  occasions  when  mixed  with  air  or  i'ree  oxygen  ;  it  is  imme- 
diately absorbed  by  a  solution  of  protosulphate  of  iron,  giving  the 
liquid  a  deep  brown  colour. 
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(422)  4.  Gases  not  absorbable   by  Potash,  which   are   in/lam^ 
7nable ;  these  gases  are  seven  in  number  : — viz.. 


1.  Hydrogen 

2.  Light  carbnretted  hydrogen 

3.  Olefiant  gas 

4.  Oil  gas 


5.  Phosphuretted  hydrogen 

6.  Arseniuretted  hydrogen 

7.  Carbonic  oxide. 


I .  Hydrogen  is  inodorous,  if  pure ;  it  burns  with  a  feebly  lumi- 
nous flame,  and  if  mixed  with  half  its  volume  of  oxygen  produces 
water,  either  by  the  transmission  of  an  electric  spark,  or  by  the  action 
of  a  ball  of  spongy  platinum.  2.  Light  carburetted  hydrogen 
burns  with  a  luminous  flame ;  it  is  not  acted  upon  if  mixed  with 
chlorine  over  water,  and  is  not  dissolved  by  fuming  sulphuric  acid. 

3.  Olefiant  gas,  when  mixed  with  an  equal  volume  of  chlorine,  even 
in  the  dark  condenses  to  an  oily  liquid  which  is  insoluble  in  water ; 
it  is  also  absorbed  by  perchloride  of  antimony,  and  by  the  Nord- 
hausen   sulphuric   acid.      It   burns  with   a  brilliant   smoky  flame. 

4.  Oil  gas  is  soluble  in  oil  of  vitriol,  and  in  alcohol;  it  burns 
with  a  brilliant  smoky  flame.  When  the  last  two  gases  are  mixed 
together,  there  is  considerable  difficulty  in  identifying  the  exist- 
ence of  each  in  such  a  mixture.  5.  Phosphuretted  hydrogen  is 
distinguished  by  its  peculiar  alliaceous  odour.  It  burns  with  a 
luminous  flame,  producing  white  fumes  of  phosphoric  acid ;  solu- 
tions of  the  salts  of  copper,  silver,  and  mercury  dissolve  it,  and 
form  brown  precipitates.  6.  Arseniuretted  hydrogen  is  decomposed 
if  passed  through  glass  tubes  heated  nearly  to  redness,  a  ring  of 
metallic  arsenic  being  deposited.  It  burns  with  a  peculiar  whitish 
flame,  and  deposits  a  brown  stain  of  metallic  arsenic  on  cold  bodies 
introduced  into  the  burning  jet.  It  is  extremely  poisonous,  and 
has  a  peculiar  odour  of  garlic.  7.  Carbonic  oxide  burns  with  a  pale 
blue  flame,  producing  carbonic  acid.  It  is  insoluble  in  water,  and 
dissolves  in  a  solution  of  dichloride  of  copper  in  hydrochloric  acid. 

In  a  mixture  of  gases  a  qualitative  examination  must  be  made 
as  a  preliminary  step  in  order  to  ascertain  what  gases  are 
present.  It  is  of  course  needless  to  search  for  those  which 
mutually  condense  or  decompose  each  other.  Thus  ammonia 
would  not  be  found  in  a  mixture  which  contained  hydrochloric, 
hydriodic,  hydrobromic,  sulphurous,  or  nitrous  acid  gases.  Oxygen 
would  not  occur  in  a  mixture  in  which  bin  oxide  of  nitrogen 
was  present.  Neither  could  free  chlorine  or  its  oxides  co-exist 
with  hydriodic  or  hydrobromic  acid,  or  with  olefiant  gas,  or  with 
the  compounds  of  hydrogen  with  sulphur,   selenium,   tellurium. 
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phosphorus,  or  arsenic :  chlorine  and  its  oxides  are  equally  incom- 
patible with  ammonia. 

(423)  General  Principles  of  the  Analysis  of  a  Mixture  of 
Gases.  The  complete  analysis  of  a  mixture  of  different  gases  is 
one  of  the  most  delicate  and  difficult  branches  of  chemical  analysis, 
and  it  is  not  intended  on  the  present  occasion  to  attempt  to  give 
more  than  an  idea  of  the  principles  on  which  such  an  operation 
is  conducted,  and  of  the  apparatus  by  which  it  is  effected. 

As  an  illustration  of  the  method  of  proceeding  we  may  take  a 
case  of  frequent  occurrence  :  viz.,  the  determination  of  the  compo- 
sition of  a  sample  of  coal  gas.  In  this  gas,  the  ingredients  which 
maybe  present  are  numerous.  These  are — i,  hydrogen;  2,  ole- 
fiant  gas  and  other  hydrocarbons ;  3,  light  carburetted  hydrogen ; 
4,  carbonic  oxide  ;  5,  carbonic  acid ;  6,  sulphuretted  hydrogen ; 
7,  ammonia;  8,  oxygen,  and  9,  nitrogen  derived  from  the  atmo- 
sphere. 

A  qualitative  examination  is  made  thus  ; — the  proportion  of  am- 
monia and  of  sulphuretted  hydrogen  is  usually  very  minute,  and  in 
most  cases  these  gases  must  be  sought  for  by  placing  the  tests  for  their 
presence  for  some  time  in  a  current  of  the  coal  gas.  In  searching 
for  ammonia,  a  piece  of  moistened  litmus  paper,  feebly  reddened,  is 
placed  for  a  minute  in  a  jet  of  the  issuing  gas.  If  the  blue  colour 
be  restored,  ammonia  is  present.  Paper  soaked  in  a  solution  of 
acetate  of  lead  may  be  subjected  to  a  similar  trial.  If  it  turn 
brown,  sulphuretted  hydrogen  is  present.  The  presence  of  oxygen 
is  detected  by  admitting  a  bubble  of  the  deutoxide  of  nitrogen 
into  a  tube  filled  with  the  gas  under  trial,  and  looking  through 
the  tube  obliquely  upon  a  sheet  of  white  paper ;  very  small  traces  of 
oxygen  may  thus  be  detected  by  the  red  tinge  produced,  owing  to 
the  formation  of  peroxide  of  nitrogen.  Carbonic  acid  may  be 
detected  by  the  turbidity  which  it  produces  in  lime-water  or  in  a 
solution  of  sub-acetate  of  lead,  if  thrown  up  into  the  gas,  whilst 
standing  in  a  tube  over  mercury.  The  existence  of  the  other  gases 
may  be  assumed,  as  they  are  certain  to  be  present  in  greater  or  less 
quantity.  The  sulphuretted  hydrogen  and  ammonia  being  too  small 
in  amount  to  be  quantitatively  determined,  and  supposing  that 
oxygen  and  carbonic  acid  are  found  to  be  present,  the  proportion 
of  seven  different  gases  will  remain  to  be  ascertained.  The  follow- 
ing method  may  be  adopted  for  their  quantitative  determination : 

I .  Carbonic  Acid. — A  volume  of  the  gas  is  confined  over  mer- 
cury, and  its  bulk  is  measured,  with  due  attention  to  temperature 
and  pressure.     A  piece  of  caustic  potash  which  has  been  melted 
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■upon  the  end  of  a  long  platinum  wire,  to  serve  as  a  handle,  is  intro- 
duced from  below,  throngh  the  mercury  into  the  tube.  After  two 
or  three  hours  the  potash  is  withdrawn,  the  amount  of  the  absorp- 
tion indicates  the  proportion  of  carbonic  acid  which  was  present. 

2.  Olefiant  Gas  and  Heavy  Hydrocarbons. — These  gases  are 
absorbed  by  introducing  another  ball,  consistmg  of  porous  coke 
moistened  with  fuming  sulphuric  acid.  It  is  necessary,  however, 
before  reading  off  the  volume  of  the  gas,  to  introduce  a  ball  of  potash 
a  second  time,  to  withdraw  the  vapour  of  anhydrous  sulphuric  acid, 
which  possesses  sufficient  volatility  to  introduce  a  serious  error 
by  dilating  the  bulk  of  the  gas,  unless  it  be  completely  removed. 
The  total  amount  of  absorption  will  indicate  the  proportion  of 
olefiant  gas,  together  with  the  vapours  of  condensible  hydro- 
carbons. 

3.  Oxygen, — This  gas  is  determined  in  a  similar  manner,  by 
employing  a  ball  of  phosphorus,  which  must  be  left  in  the  gas  for 
twenty-four  hours;  the  fresh  diminution  in  bulk,  shows  the  pro- 
portion of  oxygen. 

4.  Carbonic  Oxide. — The  accurate  separation  of  carbonic  oxide 
from  the  other  gases  is  not  easily  effected.      The  gas  may  be  divided 

into  two  portions,  one  of  which 
is  to  be  carefully  measured  as  it 
stands  over  mercury,  in  the  jar, 
7^,  fig.  282  ;  a  small  quantity  of 
a  solution  of  subchloride  of 
copper  in  hydrochloric  acid  is 
next  added  by  means  of  the 
sjringe,  i,  and  the  mixture  is 
briskly  agitated ;  the  gas  is  then 
withdrawn  by  means  of  the 
gas  pipette  shown  in  fig.  243, 
p.  478,  and  transferred  by  its 
means  to  a  second  graduated 
tube,  also  standing  over  mer- 
cury; into  this  tube  a  ball  of 
potash  on  the  end  of  a  plati- 
num wire  is  introduced,  for  the 
purpose  of  absorbing  the  va- 
pours of  hydrochloric  acid  with 
which  the  gas  is  saturated ;  its 
bulk  may  then  be  read  off,  and  the  volume  of  carbonic  oxide 
may  be  known  by  the  loss  in  bulk  which  it  has  experienced. 


Fig.  282. 
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5,  5_,  7.  Nitrogen  J  Carbureited  Hydrogen,  and  Hydrogen. — The 
determination  of  the  carbonic  oxide,  however,  may  be  effected  with- 
out having  recourse  to  absorption ;  along  with  the  carburetted  hydro- 
gen and  hydrogen.  Let  a  portion  of  the  gas  in  which  the  carbonic 
oxide  is  still  present  be  now  transferred  to  a  syphon  eudiometer  (fig. 
239),  and  let  its  bulk,  V,  be  accurately  measured :  then  add  about 
twice  its  volume  of  oxygen,  and  measure  the  gas  a  second  time : 
let  this  bulk  be  Vi ;  V^  —V  will  give  the  volume  of  oxygen  which 
has  been  added.  Let  Vg  be  the  bulk  of  the  gas  after  the  mixture 
has  been  exploded  by  the  transmission  of  the  electric  spark : 
Vj  — V2  indicates  the  diminution  in  bulk  which  it  has  experienced  : 
call  this  a.  Then  inject  a  small  quantity  of  a  strong  solution  of 
potash,  and  again  note  the  volume,  Vg.  The  absorption,  Vg  — Vg, 
will  be  due  to  the  quantity  of  carbonic  acid  which  has  been  formed  : 
call  this  b.  The  remaining  gas,  Vg,  consists  of  oxygen  in  excess, 
and  nitrogen.  The  quantity  of  oxygen  in  excess  is  ascertained  by 
mixing  the  residual  gas  with  about  twice  its  bulk  of  hydrogen,  and 
causing  the  electric  spark  to  pass  a  second  time.  Let  the  volume 
of  the  mixture  before  firing  be  V4,  and  let  Vg  be  the  bulk  after 
firing :  V4  — Vg  will  represent  the  amount  of  condensation ;  and 
one- third  of  this,  or  ^^~^"  will  be  due  to  the  excess  of  oxygen. 
On  deducting  this  from  the  residue,  Vg,  the  difierence  gives  the 
volume  of  nitrogen,  n ;  Vg  —  ^^^—  =  n.  The  difference  between 
the  amount  of  the  oxygen  thus  found  to  be  in  excess,  and  that 
originally  introduced,  will  of  course  represent  the  quantity  of  oxygen 
consumed :  call  this  c :    thus  V,  —V  —  ^^^-^  =  c. 

We  have  now  all  the  data  for  calculating  the  proportion  of 
carburetted  hydrogen,  of  hydrogen,  and  of  carbonic  oxide,  which 
are  present  in  the  mixture. 

Let  X  represent  the  quantity  of  light  carburetted  hydrogen ; 
this  gas  requires  twice  its  own  volume  of  oxygen  for  complete  com- 
bustion, and  furnishes  its  own  volume  of  carbonic  acid,  which 
requires  for  its  formation  an  equal  volume  of  oxygen,  or  half  the 
amount  consumed  ;  the  other  half  of  the  oxygen  being  required  by 
the  hydrogen  which  condenses  in  the  form  of  water ;  3  x  will  be 
the  diminution  in  bulk  of  oxygen  which  occurs  on  detonation  (401). 

Again,  when  hydrogen  is  converted  into  water,  it  requires  half 
its  bulk  of  oxygen,  and  both  are  condensed  entirely.  If  y 
represent  the  bulk  of  the  hydrogen,-^  will  be  the  diminution  in  bulk 
of  the  mixed  gases  on  detonation,  which  is  occasioned  by  the 
hydrogen  in  the  mixture. 

Let  z  represent  the  volume  of  carbonic  oxide  present ;  carbonic 
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oxide,  for  conversion  into  carbonic  acid,  requires  half  its  bulk  of 
oxygen,  the  carbonic  acid  produced  occupying  the  same  bulk  as  the 
carbonic  oxide.  ~  will  therefore  indicate  the  condensation  which 
occurs  on  firing  the  mixture. 

The  total  condensation  in  bulk,  «,  which  occurs  on  firing  a 
mixture  of  light  carburetted  hydrogen,  hydrogen,  and  carbonic  oxide 
will  consequently  admit  of  being  thus  represented : — 

(I)  «    =    2  ^    +    ^    +    1 

Further,  the  quantity  of  the  carbonic  acid  formed  by  the  detona- 
tion, b,  is  composed  of  a  volume  of  carbonic  acid  equal  in  bulk  to 
the  light  carburetted  hydrogen,  and  a  volume  equal  to  that  of  the 
carbonic  oxide,  so  that  the  total  quantity  of  carbonic  acid  may  be 
thus  indicated  : — 

{%)  b   =  X  -\-  z 

And  lastly,  the  oxygen  consumed,  c,  will  be  composed  of  the 
following  quantities  :  by  light  carburetted  hydrogen,  twice  its  bulk, 
2  00 ;  hj  hydrogen,  half  its  bulk,  | ;  and  by  carbonic  oxide,  half  its 
bulk,  I ;  or  the  total  quantity  of  oxygen  consumed  will  be  the  fol- 
lowing : — 

(3)  c  =  2  ^  +  I  +  I 

From  these  three  equations  the  values  of  x,  y,  z,  are  deter- 
mined : — 

^  =  c  -  «-±^ 

y   =         a  —  c 

Minute  directions  for  the  analysis  of  various  gaseous  mixtures 
are  given  by  Regnault,  in  the  fourth  volume  of  his  Cours  Ele- 
mentaire  de  Chimie,  which  contains  a  description  of  a  form  of 
eudiometer  well  adapted  for  accurate  experiments.  Bunsen  has 
also  introduced  very  important  improvements  in  the  manipulation 
and  apparatus  required  for  the  analysis  of  gases.  {See  an  article 
on  Eudiometry,  by  Kolbe,  in  Liebig  and  Poggendorfi'^s  Hand- 
worterbuch  der  Chemie,  vol.  ii.) 
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CHAPTER    X. 

THE   METALS. 

§  I.    General  Properties  of  the  Metals. 

(424)  The  metals,  as  a  class,  are  characterized  by  a  peculiar 
lustre,  termed  the  metallic  lustre.  They  are  possessed  of  a  high 
degree  of  opacity,  and  are  good  conductors  both  of  heat  and  elec- 
tricity. Some  of  them  are  also  endowed  with  the  properties 
of  ductility,  or  fitness  for  drawing  into  wire,  and  of  malleability, 
or  extensibility  under  the  hammer.  Most  of  them  have  a  high 
specific  gravity.  When  separated  from  their  compounds  by  electro- 
lytic action,  they  appear  at  the  platinode,  or  negative  wire  of  the 
voltaic  battery. 

These  properties  are  not  developed  equally  in  all  the  metals ; 
in  some  metals  one  or  more  of  them  may  be  wanting  altogether  :  and 
there  are  other  substances,  not  metallic  in  their  nature,  in  which 
some  of  these  characters  are  strongly  displayed. 

(425)  Lustre,  Opacity,  and  Colour, — Although,  when  polished, 
all  metals  present  the  lustre  termed  metallic,  yet  most  of  them 
may  be  obtained  by  minute  subdivision  in  a  form  devoid  of  lustre. 
Iron,  copper,  platinum,  gold,  silver,  and  even  mercury  may  be  thus 
readily  procured  by  processes  to  be  mentioned  hereafter. 

If,  however,  these  metallic  powders  be  subjected  to  pressure 
under  the  burnisher,  a  sufficient  approximation  of  their  particles  is 
produced  to  render  them  capable  of  reflecting  light,  and  the  metallic 
lustre  re-appears.  This  property  admits  of  being  applied  in  the 
fine  arts :  for  instance,  it  is  possible  to  make  copies  of  medals  or 
ancient  coins,  by  employing  finely  divided  copper,  which  is  intro- 
duced with  the  medal  into  a  mould  :  by  submitting  it  to  pressure 
an  exact  copy  of  the  medal,  with  a  beautifully  polished  surface,  is 
obtained :  the  copy  is  then  strongly  heated,  care  being  taken  to 
exclude  atmospheric  air:  during  the  ignition  the  copy  shrinks  a 
little  in  all  directions,  but  a  fac-simile  is  formed,  which  is  extremely 
distinct,  though  reversed,  and  a  little  smaller  than  the  original. 

Bodies  which  are  not  metallic  occasionally  assume  a  brilliant 
surface  like  the  metals.  Iodine,  which  in  all  its  chemical  relations 
is  directly  opposed  to  the  metals,  yet  possesses  a  strong  lustre ;  the 
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same  thing  is  observable  in  a  form  of  charcoal,  termed  by  the 
workmen  kish,  which  escapes  from  the  vent-holes  of  the  moulds 
during  the  process  of  casting  iron.  A  native  form  of  carbon, — gra- 
phite or  plumbago,  has  received  its  popular  name  of  black-lead 
from  its  metallic  appearance. 

Metals  are  among  the  most  opaque  bodies  with  which  we  are 
acquainted;  but  their  opacity  is  not  perfect.  When  reduced 
to  exceedingly  fine  leaves,  a  portion  of  light  is  transmitted ;  thus 
pure  gold,  of  not  more  than  2^0^000  inch  thick,  allows  a  purple 
light  to  pass. 

The  colour  of  the  reflected  light  varies  with  the  nature  of  the 
metal.  In  most  cases  it  is  nearly  white,  with  a  shade  peculiar 
to  each  metal :  the  tints  of  silver,  platinum,  tin,  cadmium  and 
palladium,  are  nearly  alike ;  other  metals,  as  lead  and  zinc,  have  a 
bluish  colour ;  others,  like  iron  and  arsenic,  have  a  greyish  hue  ; 
calcium  and  barium  are  pale  yellow ;  gold  is  a  full  yellow ;  and 
copper  is  of  a  red  colour.  By  repeated  reflections  from  the  same 
metal  a  distinct  colour  is  rendered  obvious,  which  was  not  seen 
upon  looking  at  the  polished  surface.  A  red  tint  may  thus  be 
made  evident  in  silver,  and  a  violet  tinge  in  steel. 

Some  of  the  metals  possess  a  characteristic  odour  :  iron  and 
copper  emit,  on  friction,  a  smell  peculiar  to  themselves,  and 
arsenic,  when  volatilized,  evolves  a  powerful  odour  of  garlic.  The 
taste  of  most  of  the  soluble  compounds  of  the  metals  is  astringent 
or  acrid,  and  of  the  peculiar  kind  termed  metallic. 

(426)  Hardness,  Brittleness,  and  Tenacity. — Great  differences 
are  observable  between  the  hardness  of  the  different  metals ;  steel 
may  be  rendered  hard  enough  to  scratch  glass,  while  lead  will  take 
impressions  from  the  finger-nail,  and  potassium  may  be  spread  like 
butter. 

Many  of  the  harder  metals  are  very  elastic  and  sonorous  when 
struck ;  but  these  properties  are  more  strikingly  displayed  in  some 
of  the  alloys,  or  compounds  of  the  metals  with  each  other,  as  in 
the  alloy  of  tin  and  copper  used  for  bells,  and  in  the  combination 
of  carbon  with  iron,  well  known  as  steel,  which,  by  its  high  elasti- 
city, is  pre-eminently  qualified  for  the  construction  of  the  springs 
used  in  machinery. 

Closely  connected  with  the  hardness  are  the  brittleness  and  the 
tenacity  of  metals,  which  are  very  variable.  Some,  like  antimony, 
arsenic,  and  bismuth,  may  be  pulverized  without  difficulty  in  a  mortar, 
while  others,  as  iron,  gold,  silver,  and  copper,  require  great  force 
to  effect  their  disintegration.    The  brittleness  of  some  of  the  metals 
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is  materially  affected  by  temperature.  Zinc,  within  the  ordinary 
atmospheric  range,  is  so  brittle  that  it  cannot  be  bent  at  a  sharp 
angle  without  danger  of  destroying  its  cohesion,  while  if  heated  to 
between  200°  and  300°  F.,  it  may  be  wrought  with  facility.  Brass, 
an  alloy  of  copper  and  zinc,  on  the  contrary,  becomes  brittle  at 
temperatures  approaching  to  redness,  but  while  cold  it  possesses 
considerable  malleability. 

Taking  the  tenacity  of  lead  =  i,  the  tenacity  of  the  different 
metals,  after  annealing,  will  be  represented  according  to  Wertheim^s 
experiments  as  follows  : — 


Lead  . 
Cadmium 
Tin      . 
Gold    . 
Zinc    . 


I 

1-2, 

1*3 
5-6 

8 


Silver     . 
Platinum 
Palladium 
Copper   . 
Iron 


8-9 
13 

26 


The  tenacity  of  the  metals  has  been  measured  by  fixing  firmly 
in  a  vice  one  end  of  a  bar  or  wire  of  the  metal,  the  strength  of 
which  is  to  be  ascertained,  and  attaching  to  the  other  a  convenient 
support  for  weights  which  are  cautiously  increased  until  the  wire 
breaks.  By  comparing  together  the  weights  required  to  determine 
the  rupture  of  the  different  metals  for  bars  of  equal  section,  a  com- 
parative table  of  tenacity  may  be  formed.  Various  cu'cumstances 
materially  influence  the  strength  of  the  same  metal ;  such  as  its 
purity,  the  mode  in  which  the  bar  has  been  prepared  (whether  by 
casting,  by  forging,  or  by  wire-drawing),  the  temperature  at  which 
the  comparisons  are  made,  the  application  or  omission  of  the  pro- 
cess of  annealing,  and  the  manner  in  which  the  tension  has  been 
exerted,  whether  gradually  or  suddenly.  Different  observers,  in 
consequence  of  operating  differently  in  some  one  or  other  of  these 
respects,  have  obtained  results  which  vary  from  each  other  consi- 
derably. The  necessity  of  attention  to  these  points  will  be  evident 
on  examining  the  results  obtained  by  M.  Wertheim  {Ann.  de  Chimie, 
III.  xii.  p.  440),  who  has  given  an  elaborate  series  of  experiments 
upon  the  tenacity  of  different  metals,  the  most  important  of  which 
are  embodied  in  the  following  table.  The  numbers  represent  the 
weight  in  kilogrammes  which  a  bar  of  each  metal  of  i  millimetre 
square  would  support  without  breaking,  both  when  the  strain  is 
gradually  increased  and  when  suddenly  applied  : — 
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Cast  steel,  drawn  .     .     . 

Do.     do.,    annealed     . 
Piano  wire,  (steel)       .     . 

Do.,  annealed     .     .     . 
Iron  wire 

Do.,  annealed     .     .     . 

Copper  wire       .     .     .     . 

Do.,  annealed  .     .     .     . 

Platinum  M'ire  .     .     .     . 

Do.,  annealed     .     .     . 
Palladium  wire .     .     .     . 

Do.,  annealed     .     .     . 
Silver  wire 

Do.,  annealed     .     .     . 
Zinc,  commercial,  drawn 

Do.     do.,  annealed 
Pure  zinc,  cast  .     .     .     . 
Gold,  drawn      .     .     .     . 
Do.,  annealed    .     .     .     . 
Cadmium,  drawn    .     .     . 

Do.,  annealed    .     .     . 
Lead,  cast 

Do.,  drawn    .     .     .     . 

Do.,  annealed     .     .     . 
Tin,  drawn 

Do.    do.,  annealed  .     . 


(Joo  F. 

zizo  F, 

39iO  F. 

Gradual. 

Sudden. 

83-8 

65-7 

70-0 

99-1 

40-0 

53'9 

59-10 

50-90 

6rio 

65-1 

46-88 

50-25 

51-10 

46-9 

40-30 

410 

30-54 

31-68 

22-10 

34"io 

350 

23-50 

27-70 

27-2 

22-60 

19-70 

27-4 

290 

296 

i6-o2 

16-5 

14-00 

14-00 

i2-8o 

^5*77 

14-40 

12-20 

7-27 

4'5 

27-0 

28-4 

io-o8 

TI'I 

1 2 -60 

i2-o6 

224 

4-81 

2-60 

1-25 

2-21 

2-07 

2-36 

r8o 

2-04 

0-54 

2-45 

3-0 

1-70 

3-62 

0-85 

It  will  be  seen  from  an  inspection  of  this  table,  that  the  general 
effect  of  heat  is  to  diminish  the  tenacity  of  the  metals,  except  in 
the  case  of  iron,  steel,  and  gold,  the  tenacity  of  which  seems  to  be 
somewhat  increased  by  a  heat  of  212°,  this  is  particularly  so  with 
iron ;  by  a  further  elevation  of  temperature  the  tenacity  again 
diminishes.  The  influence  of  annealing,  or  heating  the  bar  to  dull 
redness  and  allowing  it  slowly  to  cool,  is  still  more  remarkable,  for 
by  this  means  the  tenacity  of  gold  is  reduced  more  than  half,  that 
of  silver  nearly  as  much,  that  of  platinum  about  one-third,  and 
that  of  iron  and  copper  about  a  fourth. 

(427)  Malleability  and  Ductility. — ^The  following  metals  are 
termed  malleable  metals,  ie.,  metals  which  may  be  reduced  to  thin 
leaves  either  by  lamination  between  rollers,  or  by  hammering  : — 


Gold 

Silver 

Copper 

Platinum 

Palladium 

Aluminum 

Zinc 


Iron 

Tin 

Lead 

Cadmium 

Nickel 

Cobalt. 
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Frozen  mercury,  as  well  as  lithium,  potassium,  and  sodium, 
likewise  admits  of  extension  under  the  hammer.  Gold  far  sur- 
passes all  the  other  metals  in  malleability,  being  capable  of  re- 
duction into  leaves  so  thin  that  a  square  foot  weighs  less  than  three 
grains ;  and  the  film  does  not  exceed  the  200,000th  of  an  inch  in 
thickness.  Silver  and  copper  may  also  be  reduced  to  leaves  of 
great  tenuity.  The  others  may  be  rolled  into  foil,  but  cannot 
be  hammered  into  leaf.  At  the  Industrial  Exhibition  of  Bredau, 
1852,  an  album  of  leaf  iron  was  exhibited,  the  sheets  of  which  did 
not  exceed  the  W?j(jth  of  an  inch  in  thickness,  and  a  square  inch  of 
the  leaf  weighed  only  three-fourths  of  a  grain.  Nickel  and  cobalt, 
however,  are  far  inferior  to  the  other  metals  in  the  list.  The  metals 
become  denser  in  rolling,  and  are  often  rendered  so  hard  that  they 
require  to  be  annealed  between  every  second  or  third  rolling.  During 
the  process  of  hammering  or  rolling,  much  heat  is  extricated. 

The  metals  may  be  arranged  in  the  following  order  of  ductility, 
the  property  being  most  marked  in  those  which  are  first  men- 
tioned : — 


Iron 

Copper 

Silver 

Gold 

Platinum 

Palladium 


Cadmium 

Nickel 

Zinc 

Tin 

Lead 

Lithium.. 


Ductility  is  peculiarly  displayed  by  the  first  seven  metals  on 
the  list.  Dr.  Wollaston  procured  a  wire  of  platinum,  the  diameter 
of  which  did  not  exceed  the  ^o^.Vo  o^th  of  an  inch,  by  placing  a  wire 
of  platinum  in  the  axis  of  a  small  cylinder  of  silver,  and  reducing 
the  compound  wire  to  the  utmost  practicable  tenuity  in  the  ordi- 
nary way,  by  drawing  it  through  holes  made  in  a  hard  steel  plate, 
termed  a  draw-plate;  the  apertures  through  which  the  wire  was 
made  to  pass  diminishing  in  size  by  regular  gradation.  Both  metals 
were  thus  attenuated,  pari  passu,  and  the  silver  was  finally  dis- 
solved off  by  nitric  acid,  which  left  the  platinum  unacted  upon. 
Steel  wires  of  extreme  fineness  have  been  produced  in  a  similar 
manner,  the  silver  being,  in  this  case,  dissolved  by  the  action  of 
mercury.  Zinc,  tin,  lead,  and  even  lithium,  may  also  be  obtained 
in  the  form  of  wire,  but  with  difficulty,  on  account  of  their  feeble 
tenacity. 

The  malleability  of  a  metal  is  by  no  means  always  proportioned 
to  its  ductility :  iron,  though  it  may  be  reduced  to  wires  of  ex- 
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treme  fineness,  is  not  nearly  so  malleable  as  gold,  silver,  copper, 
and  some  otlier  metals  which  are  inferior  to  it  in  ductility.  A 
few  substances  which  are  not  metallic  exhibit,  when  in  a  state  of 
semifusion,  a  very  perfect  ductility.  Half- melted  glass  shows  this 
property  in  a  marked  degree;  it  may  be  spun  into  very  fine 
threads,  which  have  even  been  woven  into  a  species  of  cloth, 
designed  for  ornamental  purposes. 

It  is  obvious  that  the  properties  of  brittleness,  tenacity,  ducti- 
lity, and  malleability,  must  be  materially  dependent  upon  the 
texture  of  the  metal.  This  is  strikingly  exemplified  in  the  varia- 
tion in  tenacity  exhibited  by  the  same  metal  under  different  cir- 
cumstances. Silver,  in  ordinary  cases,  is  tough,  ductile,  and 
malleable ;  by  repeated  heatings  and  coolings,  however,  its  particles 
arrange  themselves  in  a  crystalline  manner,  and  it  then  becomes 
very  brittle.  Copper,  when  deposited  in  crystals  by  slow  vol- 
taic action,  is  very  hard  and  brittle;  but  when  the  action  is  more 
rapid  it  is  soft  and  tough,  and  then  exhibits  a  fibrous  character : 
and  it  may  be  stated,  as  a  general  principle,  that  the  crystalline 
metals,  such  as  zinc,  antimony,  bismuth,  and  arsenic,  are  the  most 
brittle ;  while  those  which,  like  iron,  have  a  fibrous  structure,  are 
possessed  of  a  high  degree  of  tenacity. 

The  structure  of  a  metal  is  easily  displayed  in  many  cases  by 
placing  it  in  solvents,  the  operation  of  which  is  very  gradual. 
Some  of  the  metals  which  fuse  readily  may  be  obtained  in  crystals 
v/ithout  difficulty,  by  allowing  a  few  pounds  of  the  melted  metal 
to  cool  slowly,  and  pouring  out  the  interior  portions  before  the 
whole  has  had  time  to  solidify ;  the  inner  walls  of  the  cavity  are 
then  found  to  be  lined  with  crystals.  Bismuth  is  particularly  well 
adapted  to  this  process.  The  less  fusible  metals,  such  as  copper,  iron, 
and  silver,  may  often  be  crystallized  from  their  solutions  by  slow 
voltaic  actions.  Many  of  them,  as,  for  example,  gold,  silver,  and 
copper,  occur  native  in  crystals.  A  large  proportion  of  the  metals 
crystallize  in  forms  belonging  to  the  regular  system. 

(428)  Specific  Gravity. — Wide  differences  are  observable  in  the 
specific  gravity  of  the  metals.  In  the  annexed  table  variations  are 
exhibited  between  the  extremes  of  iridium  and  platinum,  the  heaviest 
known  forms  of  matter,  on  the  one  hand,  and  lithium  on  the  other, 
which  has  little  more  than  half  the  density  of  water.  The  lighter 
metals  are  all  characterized  by  their  powerful  affinity  for  oxygen; 
those  which  are  least  oxidizable  possessing  generally  the  highest 
specific  gravity.  In  a  few  instances,  the  most  marked  of  which  is 
platinum,  the  density  may  be  somewhat  Increased  by  rolling  and 
hammering;  but  this  is  not  usually  the  case. 
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Specific  Gravity  of  the  Metals. 


Metal. 

Sp.  Gr. 

Observer. 

Platinum     .     .     .     .  2rri 

.     Wollaston. 

Gold       .     .     . 

i9"34 

.     G.  Eose. 

Tungsten     . 

176 

.    D'Elhuyart. 

Mercury- 

i3'596 

.     Regnault. 

Palladium    . 

11-8 

.     Wollaston. 

Lead .     .     . 

11-44 

.     Berzelius. 

Silver     .     . 

io'53 

.     G.  Rose. 

Bismuth 

9*799 

.     Marchand  and  Scheerer. 

Cobalt    .     . 

8-95 

.     Eammelsberg. 

Copper   .     . 

.    8-92 

.     Marcband  and  Scheerer. 

Nickel    .     . 

.     8-82 

.     .     Tupputi. 
.     .     Bucholz. 

Molybdenum 

8-62 

Cadmium     . 

8-604 

.     Stromeyer. 

Manganese 

8-013 

.     John. 

Iron  .     .     . 

7-844 

.     Broling. 

Tin     .     .     . 

7-292 

.     Xupffer. 

Zinc  .     .     . 

7-146 

.     Wertheim. 

Antimony   . 

6-71 

.     Marchand  and  Scheerer. 

Tellurium    .     . 

6-25 

.     Berzelius. 

Arsenic  .     . 

5-969-5-7  . 

.     Guibourt. 

Chromium  . 

5'9             •     • 

.     Richter. 

Aluminum,  rolled 

2-^7 

.     Deville. 

„            cast 

.    2-56 

.    Deville. 

Strontium   .     . 

•     2-54 

.     Bunsen. 

Glucinum    . 

2-1 

.     Debray. 

Magnesium 

•     1743 

.     .     Bunsen. 

Calcium 

■     1-578 

.     .     Bunsen. 

Sodium  .     . 

0-972 

.     .     Gay  Lussac  and  Thenard 

Potassium    . 

.    0-865 

.     .     Gay  Lussac  and  Thenard 

Lithium      .     . 

o'593 

.     Bunsen. 

{429)  Fusibility. — The  melting  points  of  the  different  metals 
differ  not  less  widely  than  their  densities.  Mercury,  for  instance, 
remains  fluid  as  low  as  — 39°  F.,  while  platinum,  iridium,  rhodium, 
and  several  others,  require  the  intense  heat  of  the  voltaic  battery, 
or  of  the  oxyhydrogen  blowpipe  to  effect  their  fusion  : 


Order  of  Fusibility  of  the  Metals. 


°F.                        °C. 

Mercury     .     .     .     —39     .     .     ~39'4 

.     Hutchins. 

Potassium 
Sodium 

136     . 
190 

58       . 
88        . 

•  [  Gay  Lussac  and  Thenard 

Litliium 

356 

180 

.     Bunsen. 

Tin    .     . 

442 

228 

.     Crichton. 

Bismuth 

•       507 

.       264 

.     Rudberg. 

Lead       . 

.       617 

325 

.     .     Rudberg. 

Cadmium 

) 

Tellurium 

>   undetermined. 

Arsenic. 

) 

Zinc  .     . 

773    •    •      412 

.    Daniell. 

Antimony   . 

below  redness. 

Calcium 
Aluminum 

above  a  red  heat. 

X  X  2 
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Silver  .  . 
Copper  .  . 
Gold  .  . 
Cast  iron  . 
Cobalt  .  . 
Nickel  .  _  . 
Wrought  iron 
Manganese 
Molybdenum 
Tungsten  . 
Chromium  . 
Palladium  . 
Platinum  . 
Rhodium  . 
Iridium  .  . 
Vanadium  . 


1873  . 

.  1023 

•) 

1996  . 

2016  . 

.  I09I 

•  i  Daniell 

.  1 102 

2786  . 

.1530  • 

J 

highest  heat  of  forge. 


agglomerate,  but  do  not  fuse  in  the  forge. 


require  the  heat  of  the  oxy hydrogen  blowpipe. 


Some  metals  near  their  melting  points,  before  undergoing  complete 
fusion,  pass  through  a  soft,  intermediate  stage,  in  which,  if  two 
clean  surfaces  be  presented  to  each  other,  and  strong  pressure  or 
hammering  be  employed,  they  unite,  or  weld  together,  so  as  to 
form  one  continuous  mass.  Iron,  lithium,  and  potassium  aftbrd 
the  most  striking  instances  of  this.  Palladium  is  also,  in  a  minor 
degree,  susceptible  of  it. 

(430)  Volatility. — Many  of  the  metals  admit  of  being  volati- 
lized without  difficulty.  Mercury,  when  heated  under  ordinary 
atmospheric  pressure,  boils,  and  is  reduced  to  a  perfectly  colourless 
transparent  vapour,  at  about  662°  F.  It  is  important  to  observe 
that  this  dry  vapour,  though  metallic,  is  an  insulator  of  electricity, 
and  will  allow  the  transmission  of  distinct  electric  sparks  as  readily 
as  atmospheric  air.  The  insulating  power  of  mercurial  vapour 
on  the  one  hand,  and  the  small  specific  gravity  of  potassium,  of 
sodium,  and  of  lithium  on  the  other,  shoAV  that  there  is  nothing 
inconsistent  with  facts  in  the  supposition  that  hydrogen  itself, 
although  the  lightest  known  form  of  matter,  and  though  gaseous, 
and  consequently  an  insulator  of  electricity,  may  possibly  be  a 
metal ;  and  indeed,  in  its  chemical  properties,  it  approximates  very 
closely  to  this  class  of  bodies.  The  seven  metals  named  below 
are  sufficiently  volatile  to  be  distilled  from  the  compounds  from 
which  they  are  obtained :  those  which  require  the  smallest  amount 
of  heat  stand  first : 


Mercury 
Arsenic 
Tellurium 
Cadmium 


Zinc 

Potassium 

Sodium. 


Arsenic  is  volatilized  below  redness,  and  even  before  it  has  assumed 
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the  liquid  form.  Cadmium  requires  a  dull  red  heat,  and  zinc  a 
higher  temperature.  Those  metals  which  are  generally  considered 
fixed  in  the  fire  are  likewise  volatilizable  to  a  certain  extent.  In 
the  process  of  lead  smelting,  one-seventh  of  the  lead  escapes  up  the 
chimney,  and  would  be  wasted  unless  means  for  collecting  it  were 
adopted.  Even  copper  is  not  absolutely  fixed  in  the  fire.  My 
friend.  Dr.  Percy,  some  years  ago  showed  me  a  remarkable  illus- 
tration of  this  fact :  he  has  in  his  possession  part  of  a  beam  which, 
for  many  years,  was  suspended  over  a  furnace  in  a  copper  smelting 
house  in  Norway;  the  whole  beam,  of  which  this  is  a  fragment, 
contains  minute  beads  of  metallic  copper  studded  through  its 
texture :  the  copper  must  have  been  raised  in  vapour  and  so 
deposited  within  its  fibres.  Gold  has  been  found  similarly  studding 
the  beams  of  refineries ;  and  it  may  be  seen  to  undergo  volatiliza- 
tion in  the  focus  of  an  intensely  powerful  burning  glass.  Fine 
wires  of  the  most  refractory  metals  may  be  dispersed  in  vapour 
by  transmitting  the  discharge  of  a  powerful  Ley  den  battery 
through  them. 

(431)  Conducting  Ponrer  for  Heat  and  Electricity. — The  great 
difierences  of  expansion  exhibited  by  diff'erent  metals  when  exposed 
to  equal  degrees  of  temperature,  have  already  been  pointed  out 
(126);  and  it  may  be  stated  generally  that  each  metal  possesses  a 
specific  expansion,  and  that  the  conducting  power  of  each  metal, 
both  for  heat  (143),  and  for  electricity  is  also  definite  (209  bis,  242); 
in  general  it  is  found  that  the  best  conductors  of  heat  are  also  the 
best  conductors  of  electricity  :  but  though  conductors  in  the  solid 
and  liquid  conditions,  the  metals  are  insulators  in  the  aeriform  state. 

(432)  Alloys. — Metals  enter  into  combination  with  each  other, 
and  form  compounds  termed  alloys,  many  of  which  are  most 
extensively  used  in  the  arts.  Comparatively  few  of  the  metals 
possess  qualities  such  as  render  them  suitable  to  be  employed  alone 
by  the  manufacturer ;  zinc,  iron,  copper,  lead,  tin,  gold,  silver, 
mercury,  and  platinum,  constitute  the  entire  number  so  used. 
Antimony,  bismuth,  and  arsenic  are  too  brittle  to  be  used  alone, 
but  are  employed  for  hardening  other  metals.  Many  of  the  phy- 
sical properties  of  these  metals  are  greatly  altered  by  combination 
with  others ;  the  combination  or  alloy  being  often  adapted  to  pur- 
poses for  which  either  metal  separately  would  be  unfit.  Copper 
alone  is  not  fit  for  castings,  and  it  is  too  tough  to  be  conveniently 
wrought  in  the  lathe  or  by  the  file ;  but  when  alloyed  with  zinc,  it 
forms  a  much  harder  compound,  which  can  be  cast,  rolled,  or  turned, 
and  which  constitutes  the  different  kinds  of  brass,  the  qualities  of 
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which  can  be  varied  by  varying  the  proportions  of  the  two  metals. 
The  addition  of  nickel  to  brass  destroys  its  yellow  colour,  and  pro- 
duces the  white  compound  metal  known  under  the  name  of  German 
silver.  Copper  and  tin  in  various  proportions  yield  the  hard, 
tough,  but  sufficiently  fusible  compounds  known  as  bronze  and  bell 
metal.  When  the  metals  combine  with  mercury,  the  resulting 
body  is  called  an  amalgam. 

In  most  cases  these  compounds  of  metals  with  each  other 
are  united  by  weak  affinities ;  for  it  appears  necessary  in  order 
to  produce  energetic  union,  that  the  substances  when  separate 
should  exhibit  great  dissimilarity  in  properties.  It  has  sometimes 
been  questioned  whether  alloys  are  true  chemical  compounds : 
definite  compounds  of  the  metals  with  each  other  do  however  cer- 
tainly exist,  and  some  have  been  found  combined  in  definite  pro- 
portions in  the  native  state.  Such  is  the  case  with  silver  and 
mercury,  which  occur  crystallized  together  in  the  proportion  of  i 
equivalent  of  silver  to  2  of  mercury;  and  that  the  alloys  are 
undoubtedly  in  many  instances  true  chemical  compounds,  is  further 
shown  by  the  increase  or  diminution  in  density  which  attends  the 
act  of  combination ;  the  specific  gravity  of  the  alloy  being  generally 
either  above  or  below  that  of  the  two  metals  employed.  Their  fusing 
point  is  generally  much  lower  than  the  mean  of  those  of  the  metals 
which  compose  them.  This  circumstance,  as  well  as  the  alteration 
which  they  exhibit  in  their  general  relations  to  heat  and  electricity, 
are  also  further  evidences  of  the  definite  character  of  these  com- 
pounds. A  remarkable  illustration  of  the  influence  which  the 
chemical  union  of  the  metals  exerts  upon  their  fusing  point,  is 
afforded  by  the  alloy  called  fasible  metal,  which  is  a  mixture  of 
single  equivalents  of  bismuth,  of  lead,  and  of  tin.  They  form  a 
compound  which  melts  at  212°,  a  temperature  more  than  200°  F. 
below  the  fusing  point  of  tin,  the  most  fusible  of  these  metals, 
and  400°  below  that  of  lead.  Most  frequently,  however,  the 
alloys  are  mixtures  of  definite  compounds  with  an  excess  of  one 
or  other  metal,  and  the  separation  of  their  components  from  each 
other  is  generally  easily  effected  by  simple  means.  Thus  by  expos- 
ing brass  to  a  high  temperature,  the  zinc  volatilizes,  leaving  the 
copper  behind;  and  from  the  alloy  of  arsenic  and  platinum,  a 
heat  sufficiently  long  continued  will  expel  almost  the  whole  of  the 
arsenic.  Even  mere  mechanical  means  will  sometimes  suffice. 
When  silver,  for  example,  is  amalgamated  with  mercury,  the  amal- 
gam formed  is  dissolved  by  an  excess  of  mercury.  This  excess, 
however,  may  be  almost  entirely  removed  by  squeezing  the  mass 
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through  chamois  leather;  the  amalgam  is  retained  in  the  solid 
form,  while  the  superfluous  mercury,  nearly  freed  from  silver, 
escapes  through  the  pores  of  the  leather. 

The  ductility  of  metals  is  usually  impaired  by  combination  with 
one  another.  Alloys  of  two  brittle  metals  are  invariably  brittle : 
such  is  the  case  with  the  compound  of  arsenic  and  bismuth. 
Alloys  of  a  brittle  with  a  malleable  metal  are  also  brittle.  Even 
when  two  malleable  metals  are  united,  the  compound  is  sometimes 
brittle.  Gold,  when  alloyed  with  a  minute  portion  of  lead,  splits 
under  the  hammer.  Generally  speaking,  the  hardness  of  metals 
is  increased  by  alloying  them ;  of  this  a  familiar  instance  is  afforded 
by  the  standard  coin  of  the  realm :  both  gold  and  silver,  when 
unalloyed,  are  not  sufficiently  hard  to  resist  attrition  to  the  degree 
required  for  the  currency,  but  the  addition  of  xVth  or  xVth  of  their 
weight  of  copper  to  either  metal  increases  its  hardness  to  the 
requisite  extent. 

The  more  important  alloys  will,  however,  be  best  considered 
separately,  when  the  individual  metals  which  enter  into  their  com- 
position are  described. 

(433)  Condition  in  which  the  Metals  occur  in  Nature. — The  ties 
which  unite  the  components  of  an  alloy  are  feeble  and  are  easily 
severed;  but  the  compounds  formed  by  the  metals  with  the  class 
of  substances  known  as  non-metallic,  are  for  the  most  part  held 
together  by  affinities  of  a  very  powerful  order,  and  these  compounds 
are  in  a  chemical  point  of  view  much  more  interesting  and  important 
than  the  alloys.  With  some  of  the  metals,  carbon  and  silicon 
combine  in  small  proportion  without  appearing  to  destroy  the 
metallic  character ;  and,  in  fact,  these  compounds  more  resemble 
alloys  than  any  other  class  of  combinations  :  the  most  remarkable 
instances  of  carbides  and  silicides  are  fui'nished  by  iron,  which,  in 
its  modifications  of  steel  and  cast  iron,  is  combined  Avith  variable 
quantities  of  these  elements.  Many  of  the  compounds  of  the 
metals  with  sulphur,  preserve  the  metallic  lustre,  as  is  seen  in 
galena  and  pyrites,  yet  lose  nearly  all  other  physical  properties  by 
which  the  metals  are  recognised  ;  ductility,  malleability,  and  power 
of  conducting  electricity  are  extremely  impaired.  The  metallic 
character  is  still  more  completely  destroyed  by  oxygen,  which  con- 
verts the  metals  into  bodies  apparently  earthy,  as  in  the  familiar 
cases  of  lime,  magnesia,  alumina,  and  oxide  of  zinc  :  whilst  chlorine 
and  its  allied  group  of  elements  form  compounds  which  are  most 
of  them  soluble,  and  possess  all  the  qualities  of  true  salts.  The 
energy  with  wliich  iron,  zinc,  and  many  other  metals  combine  with 
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oxygen  is  very  remarkable ;    and  the  affinities  of  chlorine  are  still 
more  active. 

The  more  common  metals,  on  account  of  their  powerful  affinity 
for  oxygen  and  sulphur,  are  very  rarely  met  with  in  the  uncom- 
bined  form.  Some  of  those  which  are  less  abundant  are  however 
found  naturally  in  the  metalhc  condition :  such  is  the  case  with 
gold,  silver,  mercury,  platinum,  and  copper.  They  are  then  said 
to  occur  in  the  native  state.  Many  are  found  alloyed  with  each 
other :  gold,  for  instance,  forms  native  alloys  with  palladium  and 
with  silver;  silver  with  mercury;  antimony  with  arsenic.  The 
occurrence  of  native  metals  or  natural  alloys  is,  however,  an  ex- 
ceptional circumstance,  as  the  majority  of  the  metals  are  found  in 
combination  with  other  elements.  Oxygen  and  sulphur,  in  par- 
ticular, from  their  powerful  affinities  and  the  abundance  in  which 
they  occur,  are  the  bodies  most  frequently  associated  with  them ; 
at  other  times  arsenic,  and  more  rarely  chlorine,  are  the  mineral- 
izing agents.  These  compounds,  whether  oxides,  sulphides,  arsenides, 
or  chlorides,  constitute  what  are  termed  the  ores  of  the  metals. 

(434)  Distribution  of  the  Metals, — Next  to  silica  in  its  various 
forms,  the  most  abundant  components  of  the  rocks  and  superficial 
portions  of  the  globe,  are  the  compounds  of  lime,  alumina,  and 
magnesia.  These  earths  are  themselves  oxides  of  metallic  bodies, 
the  affinity  of  which  for  oxygen  is  so  intense  that  they  are  never 
isolated  from  it  except  for  scientific  purposes  in  the  laboratory  of 
the  chemist.  In  their  oxidized  form  they  are  everywhere  scattered 
in  abundance  over  the  face  of  the  globe.  It  is  not  so  with  those 
metals  which  man  is  in  the  habit  of  separating  from  their  ores 
upon  the  large  scale,  and  of  employing  for  the  various  requirements 
of  civilized  society  in  the  metallic  state.  Most  of  the  ores  of 
the  highest  importance  and  utility,  constitute  but  a  compara- 
tively small  portion  of  the  components  of  the  earth^s  crust ;  but 
this  deficiency  in  their  relative  proportion  is  more  than  compen- 
sated by  the  mode  of  their  distribution,  for  they  are  not  dispersed 
at  random,  or  diff*used  in  minute  quantity  uniformly  throughout 
the  mass  of  the  earth,  but  are  collected  in  thin  seams  or  beds, 
which  form  mineral  veins. 

Man  has  hitherto  been  able  to  penetrate  but  to  a  very 
small  depth  into  the  body  of  tlie  earth,  the  deepest  excavation 
which  he  has  been  enabled  to  make  being  not  greater,  in  pro- 
portion to  the  diameter  of  the  earth,  than  the  thickness  of  an 
ordinary  sheet  of  writing  paper  to  a  globe  two  feet  in  diameter. 
Geological   observations   have   shown,   and   any  person   who    has 
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traversed  a  railway  cutting  has  had  a  partial  opportunity  of  con- 
vincing himself  of  the  fact,  that  the  superficial  portions  of  the 
globe  which  have  hitherto  been  examined  consist  of  a  succession 
of  beds  or  layers,  strata,  as  they  are  commonly  termed,  which  rest 
one  above  another  :  these  beds  in  some  places  nearly  retain  their 
original  horizontal  direction ;  but  usually  they  have  assumed  a 
position  more  or  less  inclined,  so  as  to  form  a  considerable  angle 
with  the  surface.  The  same  stratum  is  liable  to  great  variations 
in  thickness  in  different  parts,  but  each  bed  is  found  to  occur  in 
a  uniform  position  in  the  series,  the  successive  strata  following 
each  other  in  regular  order,  the  uppermost  being  those  of  most 
recent  formation.  In  this  way  the  London  clay  rests  upon  the 
chalk,  the  chalk  upon  what  is  termed  the  green  sand,  the  green 
sand  upon  the  gault,  and  so  on.  The  stratified  or  sedimentary 
rocks  rest  upon  others,  which,  like  granite,  porphyry,  and  basalt, 
show  no  appearance  of  stratification,  but  bear  marks,  more  or 
less  evident,  of  having  undergone  igneous  fusion. 

Occasionally  it  happens  that  a  thin  bed  of  metallic  ore  forms 
a  part  of  the  regular  succession  of  the  strata ;  thus  in  Stafford- 
shire, over  many  square  miles  of  country,  thin  bands  or  seams  of 
the  ore  termed  clay  iron  stone,  varying  in  thickness  from  two 
to  eight  inches,  are  found  lying  between  the  beds  of  coal. 
Usually,  however,  the  metalliferous  masses  occur  in  still  older 
formations  ;  such  as  in  the  mountain  limestone  of  Cumberland  and 
Derbyshire,  or  in  the  granite  and  clay  slate,  as  in  Cornwall ;  they 
are  then  found  in  fissures  which  traverse  the  ordinary  strata  of  the 
district,  and  assume  a  direction  which,  though  it  never  becomes 
quite  vertical,  still  approaches  more  or  less  towards  this  position. 
These  fissures  vary  in  thickness  from  a  few  inches  to  as  many  feet ; 
they  are  often  filled  with  masses  of  basalt,  granite,  or  trachyte 
(which  have  been  injected  from  below,  whilst  the  materials  were 
in  the  molten  state  under  the  effects  of  subterranean  heat),  and 
then  constitute  what  the  miner  terms  dykes ;  but  in  other  cases 
they  are  filled  with  metallic  ores  and  form  mineral  veins,  or  lodes. 
The  ore  sometimes  occurs  nearly  pure ;  at  others  mingled  with 
quartz,  fluorspar,  and  various  crystallized  minerals,  or  else  with 
earthy  im])urities  of  different  descriptions.  These  veins  extend 
from  the  surface  downwards  often  to  a  depth  greater  than  can  be 
followed  even  in  the  deepest  mines.  The  veins  which  occur  in  the 
same  district  usually  run  in  two  directions,  nearly  at  right  angles 
to  each  other,  the  principal  or  original  veins  being  traversed  by 
the  others.      In  Cornwall,  for  example,  the  metalliferous  veins  run 
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nearly  east  and  west,  but  they  are  occasionally  crossed  more  or  less 
obliquely  by  other  lodes,  to  which  the  term  of  caunter  (contrary)  lodes 
or  cross  courses  has  been  given. 

These  cross  courses,  however,  are  by  no  means  always  metalli- 
ferous ;  they  often  appear  to  have  been  occasioned  by  the  action  of 
a  force  emanating  from  below,  which,  after  bending  and  splitting 
the  original  strata,  produced  the  fissures  -which  were  subsequently 
filled  with  quartz,  clay,  and  various  minerals.  Such  cross  courses 
as  these  often  occasion  the  miner  much  trouble  and  perplexity, 
since  the  subterranean  force  necessary  to  produce  them  is  often 
attended  with  great  displacement  of  the  original  strata.  A  valuable 
vein  of  ore  is  from  this  cause  frequently  interrupted,  and  is  some- 
times lost  altogether  for  want  of  knowing  in  what  direction  to  seek 
for  it.  This  sudden  break  in  a  vein,  and  its  displacement,  in  mining 
language  is  termed  a  fault.  It  is  very  rarely  that  a  single  mineral 
vein  occurs  alone  ;  usually  several  are  found  together. 

The  thickness  of  the  same  vein,  as  might  be  expected,  is  sub- 
ject to  great  variations  ;  at  one  time  it  dwindles  to  a  mere  thread, 
at  others  it  attains  considerable  expansion.  The  most  productive 
veins  usually  occur  near  the  junction  of  two  dissimilar  kinds  of 
rock — the  metallic  ores  having  probably  accumulated  there  in  con- 
sequence of  slow  voltaic  actions  which  have  been  going  on  through 
uncounted  ages,  and  which  have  been  occasioned  by  differences  in 
chemical  composition  of  the  two  contiguous  rocks — in  Cornwall, 
for  example,  where  so  large  a  proportion  of  the  mineral  wealth  of 
Great  Britain  is  accumulated,  the  most  important  mines  occur 
upon  the  junction  of  the  granite  with  the  clay-slate  or  killas. 

(435)  Mining  Operations. — The  existence  of  a  vein  having 
been  ascertained,  and  its  dip  and  general  direction  having  been 
determined,  the  miner  commences  by  sinking  a  vertical  pit,  or 
shaft,  in  such  a  manner  that  he  calculates  upon  cutting  through 
the  lode  at  some  thirty  or  forty  fathoms  below  the  surface.  When 
he  has  reached  the  lode,  he  drives  a  gallery,  or  level,  horizontally 
into  it,  right  and  left,  raising  the  ore  to  the  surface  through  the 
shaft.  If  the  produce  be  such  as  to  encourage  him  to  proceed,  a 
second  shaft  is  sunk  in  the  course  of  the  lode,  at  the  distance  of 
about  100  yards  from  the  first,  and  into  this  the  gallery  or  level 
is  driven,  so  as  to  facilitate  the  ventilation  of  the  mine  and  the 
extraction  of  the  ore.  In  order  to  be  able  to  remove  the  ore  from 
other  parts  of  the  lode,  above  and  below  the  point  at  which  the 
first  level  is  made,  the  shaft  is  continued  downwards,  and  other 
galleries,  or  cross  cuts,  as  they  are  termed,  are  made^.  both  above 
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and  below  the  first  level,  at  intervals »6f  ten  fathoms,  to  meet  the 
lode  at  diifferent  points ;  these  cross  cuts  are  at  right  angles  to  the 
levels.  Fig.  283,  shows  a  vertical  cross  section  of  the  lode  at  the 
Callington  Mine,  e  s  represents  the  engine  shaft,  l  l  the  lode,  and 
c  c  the  cross  cuts.  The  levels  cannot  be  shown  in  this  view;  but 
whenever  a  cross  cut  meets  the  lode,  a  level  is  driven  east  and 
west,  in  the  direction  of  the  lode  itself. 

Fig.  284   shows   the   arrangement  of  the  levels  in  the  same 
mine ;  e  s  represents  the  engine  shaft,  w  a  second  smaller  shaft. 


Fig.  285. 


and  L  L  L  the  different  levels,  the  depths  of  which  in  fathoms  are 
indicated  by  the  numbers  attached  to  them ;  these  levels  communi- 
cate at  different  points  by  short  cuts,  or  winzes,  as  the  Cornish 
miners  term  them  ;  they  are  shown  at  u  u,  in  various  parts,  and  are 
needed  to  facilitate  the  extraction  of  the  ore  from  different  points 
of  the  lode.  The  different  levels  ai:e  not  immediately  over,  or  parallel 
to  each  other,  but  their  direction  and  position  varies  with  that 
of  the  inclination  and  direction  of  the  lode.  This  is  explained  by 
fig-  285,  in  which  the  direction  of  these  galleries  is  exhibited;  it 


680  MINING    OPERATIONS. 

represents  a  plan  of  the  mine,  supposing  the  figures  to  refer  to 
the  levels  shown  in  284:  the  lode,  it  will  be  seen,  does  not  preserve 
the  same  dip  at  all  points,  being  much  more  nearly  vertical  at  the 
right  than  at  the  left  extremity  of  the  plan.  The  cross  cuts  cannot  be 
shown  in  fig.  284.  The  shaded  parts  in  this  figure  indicate  the 
portions  of  the  lode  which  have  been  already  worked  away.  The 
galleries  m  the  mine  are  supported  by  strong  timbering,  the  object 
of  which  is  to  prevent  the  rubbish  from  falling  in  and  overwhelm- 
ing the  men  while  engaged  in  their  work. 

One  of  the  principal  difficulties  which  the  miner  has  to  contend 
with  is  the  continual  oozing  of  water  into  the  mine  in  all  direc- 
tions. Where  the  mine,  as  very  often  happens,  is  situated  upon  the 
side  of  a  hill,  an  adit  level,  or  water  course,  shown  at  a  a,  fig.  284, 
is  carried  from  the  shaft  to  the  low^est  accessible  point  of  the 
surface ;  and  through  this  the  waters  of  the  upper  part  of  the  mine 
readily  escape ;  but  when  the  workings  extend  below  this  point,  it 
becomes  necessary  to  pump  more  or  less  constantly,  and  for  this 
purpose  powerful  steam-engines  are  required.  The  galleries  and 
levels  are  so  constructed  that  the  water  shall  flow  from  them  into 
the  principal  shaft  of  the  mine,  so  that  by  pumping  from  the  sump, 
or  lowest  part  of  this  shaft,  the  whole  mine  is.  freed  from  water.  The 
greater  part  of  the  water  is  lifted  only  to  the  adit  level,  but  a  con- 
siderable quantity  is  raised  to  the  surface  for  the  purpose  of  washing 
the  ore. 

Much  of  the  excavation  is  done  by  hand,  with  the  pickaxe  and 
wedges ;  but  after  judicious  clearing,  gunpowder  properly  applied 
facilitates  the  progress  greatly.  The  quantities  of  pow^der  used  for 
blasting  in  the  mines  are  small,  usually  about  two  ounces.  The 
process  of  blasting  consists  in  boring  a  hole  to  the  depth  of  eighteen 
inches  or  two  feet,  somewhat  obliquely,  under  the  portion  of  rock 
which  is  to  be  raised ;  the  powder  is  then  introduced,  and  the  hole 
is  closed  by  ramming  in  clay  or  friable  rock.  A  copper  wire  runs 
from  the  surface  down  to  the  charge,  and  when  the  ramming  or 
tamping  is  finished,  the  wire  is  withdrawn  and  its  place  supplied 
with  a  pithed  rush  charged  with  powder,  and  the  train  is  fired  by 
means  of  a  fusee.  A  safety  fusee  is  now  commonly  substituted  for 
the  copper  wire  and  pithed  reed  filled  with  powder.  The  ore  that 
is  detached  is  raised  to  the  surface  of  the  mine  in  large  wrought 
iron  buckets,  or  kibbles,  which  arccapable  of  containing  about  three 
hundred  weight  of  ore. 

(436)  Mechanical  Treatment   of  the  Ores. — The  extraction  of 
metals  from  their  ores  is  etfected  by  two  classes  of  operations : 
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those  of  the  first  class  are  mechanical ;  by  their  means  the  earthy- 
parts  contained  in  the  matrix  or  vein-stone  are  to  a  certain  extent 
separated  :  the  operations  of  the  second  class  are  chemical,  by 
which  the  metal  itself  is  procured.  The  mechanical  treatment  is 
influenced  not  only  by  the  nature  and  composition  of  the  ore,  but 
also  by  its  market  value  :  an  ore  of  tin,  copper,  or  lead,  from  the 
higher  price  which  the  metal  bears,  will  be  worth  a  more  elaborate 
treatment  than  an  ore  of  iron  or  zinc. 

The  ores  of  zinc  and  iron  are  occasionally  subjected  to  the 
operation  of  washing  :  as  when  they  are  accompanied  by  a  loose 
friable  clay,  the  clay  admits  of  being  readily  diflused  in  a  finely 
divided  state  through  the  water,  and  is  easily  removed  by  its  means. 
The  specific  gravity  of  clay  being  not  much  more  than  3'o,  whilst 
that  of  carbonate  of  iron  and  hydrated  oxide  of  iron  varies  from 
3' 8  to  4*o,  and  calamine  is  about  4*2,  these  materials  expose  a  smaller 
surface  in  proportion  to  their  weight  to  the  action  of  water  than 
the  clay,  therefore  when  agitated  with  water  they  subside  more 
rapidly  ;  and  if  subjected  to  the  action  of  a  current  of  water,  they 
are  held  for  a  shorter  time  in  suspension,  and  are  consequently 
carried  by  it  to  a  smaller  distance. 

The  same  principles  apply  to  the  more  elaborate  processes  of 
washing  adopted  with  the  ores  of  lead  and  tin.  Galena  has  a  spe- 
cific gravity  of  7*6  ;  tinstone  of  about  7.  Sulphate  of  baryta  has  a 
density  of  4*6;  fluorspar  of  3*1;  and  quartz  of  2'6^.  When 
reduced  to  particles  tolerably  uniform  in  size,  the  earthy  portions 
may  therefore  be  separated  from  the  ores  of  lead  and  tin  by  the 
action  of  water  to  a  considerable  extent. 

The  following  is  an  outline  of  the  mechanical  operations  pur- 
sued in  dressing  the  ores  of  lead  and  tin ;  and  the  same  method  is 
to  a  certain  extent  adopted  with  the  copper  ores  : — 

The  ore  having  been  brought  to  the  surface,  if  a  lead  or  copper 
ore,  is  first  sorted  by  hand  ;  the  purest  portions,  or  prills,  as  the 
Cornish  miners  term  them,  are  set  aside,  and  are  ready  for  smelting 
without  further  preparation  ;  but  the  bulk  of  the  ore  is  broken 
by  hammers  into  lumps  about  the  size  of  a  walnut,  and  the  best 
pieces  are  again  picked  out  by  hand.  The  rougher  portions  go  to 
the  crushing  mill,  which  consists  of  a  pair  of  horizontal  cylinders 
placed  parallel  to  each  other  at  a  little  distance  apart :  these  cylin- 
ders may  be  either  grooved  or  plain.  The  ore  is  supplied  to  them  by  a 
hopper  from  above.  After  passing  through  the  mill,  the  crushed  ore  is 
sifted  through  coarse  sieves ;  the  coarser  parts  are  set  aside  for  the 
stampers,   and   the  finer  portion  is  subjected  to  the   operation  of 
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jigging.  This  consists  in  plunging  the  ore  contained  in  a  sieve 
into  a  pitj  through  which  water  is  constantly  flowing.  The  workman 
keeps  the  ore  in  continual  agitation^  alternately  raising  and  lowering 
the  sieve_,  to  which  he  also  gives  an  alternate  rotatory  motion^  taking 
care  always  to  keep  it  beneath  the  surface  of  the  water.  By  this 
means  the  contents  of  the  sieve  are  separated  into  layers  of  difi'erent 
quality.  From  its  friable  character,  galena  is  easily  reduced  to 
small  fragments  :  if  it  be  a  lead  ore  which  is  undergoing  treatment, 
most  of  the  galena,  therefore,  passes  through  the  sieve  and  subsides 
to  the  bottom  of  the  pit,  whilst  what  is  left  upon  the  sieve  consists 
chiefly  of  the  less  friable  fluorspar  and  quartz.  This  residue  is 
mixed  with  the  inferior  qualities  of  ore,  and  is  transferred  to  the 
stamping  mill,  whilst  the  richer  part  is  set  aside  for  smelting. 

Tin  ore  is  usually  disseminated  through  a  compact  hard  matrix, 
and  passes  at  once  to  the  stampers. 

The  stamping  mill  consists  of  five  or  six  upright  wooden  beams, 
the  lower  ends  of  which  are  shod  with  iron,  each  beam  weighing 
about  2^  cwt.  These  are  placed  in  a  wooden  frame,  and  are  alter- 
nately lifted  up  and  allowed  to  fall  back  upon  the  ore  by  the  action 
of  arms  projecting  from  a  horizontal  axle,  which  is  turned  by  water 
or  steam  power.  The  ore  is  placed  on  an  inclined  plane  behind 
the  stampers,  and  slides  down  under  them,  and  is  crushed.  The 
crushed  particles,  when  reduced  to  a  sufficient  degree  of  fineness, 
are  washed  out  through  a  grating  in  front  by  the  action  of  a  current 
of  water  which  is  constantly  flowing  through  the  mill ;  the  washed 
ore  is  carried  into  a  channel  in  which  two  pits  occur ;  in  the  one 
nearest  the  mill  the  purer  and  heavier  part  of  the  ore,  or  crop,  is 
deposited ;  in  the  second  the  more  finely  divided  portion,  technically 
termed  slime,  or  schlich. 

The  crushed  ore  now  undergoes  a  series  of  washings,  the  object 
of  which  is  to  separate  the  impurities  from  the  valuable  part  of 
the  ore. 

The  crop  is  first  subjected  to  washing  in  the  huddle ;  this  is  a 
wooden  trough,  fig.  286,  about  eight  feet  long,  three  wide,  and 
two  deep,  fixed  in  the  ground,  with  one  end  somewhat  elevated. 
At  the  upper  end,  a  small  stream  of  water  enters,  and  is  reduced 
to  a  uniform  thin  sheet  by  means  of  a  distributing  board,  a,  on 
which  a  number  of  small  pieces  of  wood  are  fastened  to  break 
the  stream.  The  ore  to  be  washed  is  placed  in  small  quantities  at 
a  time  upon  a  board,  b,  somewhat  more  inclined  than  the  body 
of  the  buddle,  and  it  is  spread  out  in  a  thin  layer ;  the  water 
carries  it  forward :  the  richer  portions  subside  near  the  head  of 
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^^5!>=.:^ 


the  trougli,  and  the  lighter  ^i»-  286. 

ones  are  carried  further 
down.  '  The  heads'  are  then 
tossed  in  the  kieve  or  tub, 
shown  at  c,  which  is  filled 
with  water,  and  ore  added 
by  a  workman,  who  keeps 
the  contents  of  the  kieve 
in  continual  agitation  by 
turning  the  paddle  or  agi- 
tator, the  handle  of  which 
is  seen  projecting  at  top. 
When  the  vessel  is  nearly 
full,  the  agitation  is  stopped, 
and  the  kieve  is  struck 
smartly  upon  the  side  seve- 
ral  times,  and  its  contents 

are  allowed  to  subside ;  the  upper  half  of  the  sediment  is  again 
passed  through  the  huddle.  Various  modifications  of  the  washing 
process  are  resorted  to,  but  they  are  all  the  same  in  principle. 

A  rough  estimate  of  the  value  of  any  sample  of  dressed  ore  is 
obtained  by  the  process  called  vanning.  A  small  quantity  of  the 
ore  is  placed  on  a  shovel,  and  agitated  gently  with  a  peculiar  cir- 
cular movement  in  water,  then  by  gi^^ng  it  a  dexterous  lateral 
shake,  the  dijfferent  constituents  arrange  themselves  according  to 
their  density — the  galena,  or  the  tin-stone,  at  bottom ;  above  this 
are  iron  pyrites  and  blende;  and  at  the  top  are  the  fluor  and 
quartz.  The  eye  then  at  a  glance  roughly  estimates  the  quantity 
of  each. 

The  water  employed  in  the  various  washings  is  not  allowed 
at  once  to  run  to  waste,  but  is  made  to  pass  through  a  long 
shallow  channel,  in  which  the  slime  and  mud  which  have  been 
carried  away  in  the  different  operations  may  subside.  This  slime 
still  retains  some  portion  of  ore ;  and  in  order  to  recover  this  as  far 
as  possible,  it  is  again  subjected  to  the  action  of  a  fine  stream  of 
water,  either  upon  an  inclined  table,  which  acts  in  a  manner  similar 
to  the  huddle,  or  it  is  washed  upon  a  swinging  table,  the  bed  of 
which  is  also  inclined,  but  moveable,  and  is  suspended  by  chains 
from  supports  at  the  four  corners ;  it  is  alternately  thrust  forward 
two  or  three  inches  by  the  revolution  of  a  cara  wheel,  and  is  then 
allowed  to  fall  back  against  solid  wooden  bearings  with  a  sudden 
jar.     The  ore  is  spread  upon  a  board  which  overhangs  the  upper 
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part  of  this  table,  and  carried  forward  by  a  gentle  stream  of  water ; 
the  heavier  particles  of  the  ore,  owing  to  the  superior  momentum 
which  their  density  gives  them,  are  by  this  jarring  movement  of 
the  board  carried  back  to  the  upper  part  of  the  table,  whilst  the 
lighter  impurities  are  washed  away. 

(437)  Roasting  J  or  Oxidation.  —  The  chemical  operations  are 
divisible  into  two  main  branches,  one  dependent  on  the  addition, 
the  other  on  the  removal,  of  oxygen.  If  the  mineral  contain 
volatile  ingredients,  such  as  sulphur  or  arsenic,  the  process  of 
roasting,  or  oxidation,  is  first  resorted  to.  In  principle  it  is 
very  simple;  the  mode  of  efiecting  it  varies,  however,  in  different 
cases.  In  the  most  common  method,  a  furnace  of  particular  con- 
struction, termed,  a  reverberatory ,  is  employed.  Fig.  287  shows  a 
section  of  a  reverberatory  furnace,  such  as  is  employed  for  roasting 
copper  ores ;  t  is  the  platform,  from  which  the  hoppers,  h  h,  are 
charged  with  the  ore,  which  at  proper  intervals  is  allowed  to  fall 
upon  the  bed,  c  c :  the  fuel  is  consumed  upon  a  distinct  hearth,  a, 
and  does  not  come  into  contact  with  the  ore,  from  which  it  is 
separated  by  the  bridge,  b:  the  heated  gases,  as  they  arise  from 
the  burning  mass,  are,  from  the  construction  of  the  arched  roof. 

Pig.  287. 


reverberated,  or  driven  down  upon  the  ore  to  be  roasted,  and 
then  pass  ofi"  through  the  flue,  /;  when  sufficiently  roasted,  the  ore 
is  allowed  to  fall  into  the  arched  recess,  e,  beneath  the  bed  of  the 
furnace  through  openings,  d  c?,  which  are  kept  closed  by  sliding 
plates  till  the  roasting  is  complete.  After  the  fire  has  been  lighted, 
a  constant  supply  of  air  to  the  mineral  is  maintained,  and  care  is 
taken  to  prevent  the  heat  from  rising  so  high  as  to  melt  the  ore, 
which  is  stirred  at  intervals  to  expose  fresh  surfaces  to  the  action 
of  the  air ;  the  sulphur  burns  off'  in  the  shape  of  sulphurous  acid, 
which  escapes  into  the  atmosphere;  whilst  the  arsenic  forms  arsenious 
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acid,  wliich,  though  volatile,  speedily  condenses,  and  is  collected 
on  the  sides  of  the  chimney,  or  else  in  chambers  constructed  for 
its  reception,  whence  it  is  removed  at  intervals,  and  subsequently 
purified. 

(438)  Reduction  or  Smelting. — The  mass  which  remains  after 
the  volatile  matters  have  been  burned  off,  generally  becomes 
oxidized  from  the  continual  supply  of  air  at  a  high  temperature. 
This  oxidized  mass  then  requires  treatment  by  the  second  chemical 
process,  that  of  reduction^  which  is  applicable  to  most  metallic  oxides, 
whether  of  natural  or  of  artificial  origin.  The  object  now  is  to 
remove  the  oxygen,  by  presenting  to  the  mineral  some  body  which, 
at  a  high  temperature,  has  a  stronger  affinity  for  oxygen  than  the 
metal  itself  possesses.  Furnaces  of  great  size,  varying  in  form 
with  the  nature  of  the  metal,  are  employed  in  this  operation.  In 
them  the  ore  is  heated  intensely,  in  contact  with  carbon.  Carbonic 
oxide  and  carbonic  acid  are  thus  produced,  and  from  their  gaseous 
nature  are  instantly  removed  from  the  sphere  of  action.  It  becomes 
necessary  at  tliis  stage  to  get  rid  completely  of  the  earthy  and 
other  impurities  of  the  ore,  which  the  mechanical  operations  never 
succeed  in  removing  entirely,  and  which  often  form  a  large  pro- 
portion of  the  ore.  In  order  to  effect  this,  certain  fluxes,  or  sub- 
stances which  are  capable  of  forming  fusible  compounds  with  the 
earthy  matters,  are  added  at  the  same  time  with  the  carbon; 
these  melt  and  form  a  kind  of  glass  through  which  the  reduced 
metal,  from  its  superior  density,  sinks,  and  is  thus  completely 
defended  from  contact  with  the  air  :  the  metal  is  at  suitable  inter- 
vals drawn  off  from  the  bottom  of  the  furnace ;  while  the  melted 
glass,  or  slag,  as  it  is  termed,  runs  off  at  an  aperture  left  in  the 
side  for  the  purpose.  Limestone  is  in  some  cases  added  to  the 
ore  with  the  view  of  aiding  the  fusion  of  the  siliceous  impurities ; 
in  other  instances  fluorspar  or  some  other  readily  fusible  material 
is  added,  for  the  purpose  of  increasing  the  fluidity  of  the  slag. 
Much  judgment  is  required  in  the  selection  of  the  flux,  and  in 
deciding  upon  the  proper  proportion  to  be  added  :  frequently  this 
object  is  economically  effected  by  a  judicious  mixture  of  different 
ores  of  the  same  metal,  each  of  which  aids  the  other  by  supplying 
some  compound  which  was  wanting  to  render  the  slag  sufficiently 
fusible. 

The  various  modifications  of  these  processes  will  be  described 
as  they  present  themselves  in  connexion  with  the  different  metals 
which  require  these  modifications.  Other  modes  of  separating 
individual  metals  are  employed,  which  will  be  alluded  to  in  their 
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respective  places.  For  details  upon  metallurgic  processes^  the  fourth 
volume  of  Dumas^  valuable  work,  Traite  de  Chhnie  appliquee  auoo 
Arts,  may  be  consulted ;  and  the  second  and  third  volumes  of 
the  same  work  contain  many  excellent  descriptions  of  processes  in 
which  metallic  chemistry  is  applied  to  the  purposes  of  industry 
and  commerce.  Phillips's  Metallurgy  is  a  smaller  and  more  com- 
pendious treatise  upon  this  subject. 

(439)  Classification  of  the  Metals. — For  the  convenience  of  de- 
scription the  metals  may  be  divided  into  seven  groups  (page  437): 

I.  The  metals  of  the  alkalies ;   these  are  three  in  number — viz.^ 

I.  Potassium  2.  Sodium  3.  Lithium. 

With  them  will  be  described  the  salts  of  oxide  of  ammonium  ;  they 
are  isomorphous  with  the  potash  salts,  and  indeed  present  the 
closest  analogy  with  them. 

The  metals  of  the  alkalies  are  distinguished  by  the  following 
characters  : — They  have  an  intense  affinity  for  oxygen,  and  become 
tarnished  immediately  that  they  are  exposed  to  the  air :  when 
thrown  upon  water,  they  decompose  it  at  all  temperatures  with 
rapid  disengagement  of  hydrogen :  their  oxides  combine  with 
Avater  with  great  avidity,  and  dissolve  in  it,  forming  solutions 
which  are  powerfully  caustic  and  alkaline.  In  these  oxides  the 
basic  quality,  or  their  capacity  for  saturating  the  acids,  is  developed 
to  the  highest  degree.  The  alkalies,  when  exposed  to  the  air,  either 
in  the  solid  form  or  in  solution,  rapidly  absorb  carbonic  acid. 
Each  alkali  forms  with  this  acid  two  salts,  a  carbonate  and  a 
bicarbonate,  both  of  which  are  freely  soluble  in  water.  The  metals 
of  the  alkalies  combine  with  sulphur  in  several  proportions ;  all  of 
these  compounds,  also,  are  soluble.  With  chlorine  they  form  but 
a  single  chloride ;  but  their  oxides  have  the  power  of  combining 
with  chlorine,  and  forming  compounds  possessed  of  bleaching  pro- 
perties. Lithium,  from  the  sparing  solubility  of  its  carbonate, 
forms  the  connecting  link  between  this  group  and  the  one  which 
follows  it. 

II.  The  metals  of  the  alkaline  earths  are  four  in  number — viz.. 


1.  Barium 

2.  Strontium 


3.  Calcium 

4.  Magnesium. 


These  metals,  with  the  exception  of  magnesium,  decompose  water 
at  all  temperatures  with  great  rapidity.  They  form  but  one  oxide, 
which  is  soluble  to  a  certain  extent  in  water,  and  which  is  capable 
of  combining  with  acids;  they  form   several   sulphides  which   are 


CLASSIFICATION    OF    THE    METALS.  687 

soluble  in  water ;  the  protosulpliides  being  less  so  tlian  those  which 
contain  higher  proportions  of  sulphur.  With  chlorine  their  oxides 
form  bleaching  compounds.  Their  carbonates  are  insoluble  in  pure 
water,  but  dissolve  to  a  small  extent  in  water  charged  with  carbonic 
acid.  Magnesium,  from  its  power  of  resisting  oxidation,  the  isomor- 
phism of  its  oxide  with  protoxide  of  zinc,  the  sparing  solubility  of 
its  sulphide,  the  solubility  of  its  sulphate,  and  several  other  par- 
ticulars, forms  the  connexion  between  this  and  the  fourth  group. 
III.   Metals  of  the  earths  ;  ten  in  number  : — viz.. 


I. 

Aluminum 

5- 

Yttrium 

8.  Cerium 

2. 

Glucinum 

6. 

Erbium 

9.  Lantanium 

3- 

Zirconium 

7- 

Terbium 

10.  Didymium. 

4- 

Thorinum 

The  oxides  of  this  class  are  insoluble  in  water,  but  they  dissolve 
either  in  the  caustic  alkalies  or  in  their  carbonates.  Aluminum 
and  glucinum  do  not  decompose  water  unless  the  metals  are  in  a 
very  finely  divided  state ;  the  other  metals  of  this  group  are 
scarcely  known  in  an  isolated  form.  The  basic  character  of  the 
oxides  of  this  group  of  metals  is  much  less  marked  than  that  of 
the  preceding  groups.  Many  of  these  metals  are  very  rare,  and. 
their  properties  have  been  but  imperfectly  examined.  Aluminum, 
by  the  isomorphism  of  its  oxide  with  sesquioxide  of  iron,  the 
volatility  of  its  chloride,  its  shght  affinity  for  carbonic  acid,  and 
other  peculiarities,  connects  this  group  with  the  one  which  follows. 
IV.  Metals  more  or  less  analogous  to  iron ;  eight  in  number — 
viz.. 


I.  Zinc 

4.  Nickel 

7.  Chromium 

2.  Cadmium 

5.  Uranium 

8.  Manganese. 

3.  Cobalt 

6.  Iron 

These  metals,  when  heated  to  dull  redness,  decompose  the  vapour 
of  water  if  it  be  transmitted  over  them  ;  they  become  converted  into 
oxides,  whilst  hydrogen  escapes ;  they  also  dissolve  with  efferves- 
cence and  evolution  of  hydrogen  in  dilute  sulphuric  or  in  hydro- 
chloric acid.  The  protoxides  of  these  metals  are  powerful  bases; 
all  of  these  protoxides  dissolve  more  or  less  freely  in  ammonia, 
especially  if  chloride  of  ammonium  be  present  in  the  solution. 
Several  of  the  metals  of  this  group — viz.,  iron,  chromium,  and  man- 
ganese, form  powerful  metallic  acids,,  when  combined,  with  three  or 
more  equivalents  of  oxygen,  and  the  acids  thus  formed  are  very 
soluble  in  water.  Hydrated.  sulphides  of  these  metals  are  produced 
by  the  addition  of  solution  of  sulphide  of  potassium  or  of.  ammo- 
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riium  to  solution  of  their  salts  ;  the  precipitate  so  occasioned  is 
insoluble  in  excess  of  the  alkaline  sulphide.  The  salts  of  sesqui- 
oxide  of  chromium^  however,  are  precipitated  as  oxide  of  chromium, 
not  as  sulphide.  Sulphuretted  hydrogen  gas,  when  transmitted 
through  the  solutions  of  these  metals  acidulated  with  sulphuric  acid, 
occasions  no  precipitate  of  sulphide  excepting  in  the  case  of  the  salts 
of  cadmium. 

V.  Metals  which  yield  powerful  acids  with   oxygen ;  of  these 
there  are  eleven,  as  follow : — viz., 


1.  Tin 

2.  Titanium 

3.  Columbium 

4.  Niobium 


5.  Ilmenium 

6.  Molybdenum 

7.  Tungsten 

8.  Vanadium 


9.  Antimony 

10.  Arsenic 

11.  Tellurium. 


The  metals  which  belong  to  this  class  decompose  water  when  its 
vapour  is  driven  over  them  at  a  red  heat,  (with  the  exception  of 
arsenic  and  tellurium,  which  are  more  allied  in  character  to  phos- 
phorus and  sulphur  than  to  the  metals,)  but  they  do  not  evolve 
hydrogen  when  treated  with  dilute  sulphuric  acid,  owing  to  the 
want  of  basic  power  in  their  oxides. 

Protoxide  of  tin  is  a  powerful  base,  and  this  metal  forms  the 
transition  from  the  group  of  the  iron  metals  to  the  present  group. 
The  metallic  acids  formed  by  these  metals  are,  with  the  exception 
of  arsenic  acid,  nearly  insoluble  in  water.  The  sulphides  of  this 
group  of  metals  are  soluble  in  the  alkaline  sulphides,  and  form  in 
many  cases  crystallizable  compounds  with  them. 

VI.  The  next  group  contains  but  three  metals : 

I,  Bismuth  2.  Copper  3.  Lead. 

They  exert  no  decomposing  action  upon  water,  even  at  a  full  red 
heat ;  they  form  powerful  basic  oxides,  and  exhibit  a  strong  ten- 
dency to  the  formation  of  subsalts.  Bismuth  exhibits  a  certain 
analogy  with  antimony.  Copper  forms  salts  which  are  isomorphous 
with  those  of  the  protoxides  of  the  metals  in  the  iron  group, 
and  in  the  compounds  which  it  forms  with  carbonic  acid,  displays 
a  close  correspondence  with  magnesia,  zinc,  cobalt,  and  nickel ; 
and  lead  in  some  of  its  compounds  is  isomorphous  with  those 
of  the  alkaline  earths.  The  three  metals  which  compose  this  group 
are  not  dissolved  by  either  dilute  sulphuric  or  hydrochloric  acid ; 
they  are  precipitated  from  acid  solutions  by  sulphuretted  hydrogen, 
and  their  sulphides  do  not  combine  with  the  sulphides  of  the  alka- 
line metals. 
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VII.   The   last   group  consists  of  tlie   noble   metals,  of  which 
there  are  nine — viz., 


1.  Mercury 

2.  Silver 

3.  Gold 


4.  Platinum 

5.  Palladium 

6.  Rhodium 


7.  Ruthenium 

8.  Osmium 

9.  Iridium. 


These  metals  are  unable  to  decompose  water  at  any  temperature. 
They  have  so  feeble  an  affinity  for  oxygen  that  their  oxides,  with 
the  exception  of  those  of  osmium,  are  decomposed  below  a  red 
heat,  the  metal  remaining  in  an  uncombined  form.  In  many  cases 
simple  exposure  to  a  strong  light  produces  a  similar  decomposition. 
All  of  them  yield  more  than  one  oxide  capable  of  forming  salts. 
Mercury  and  silver  are  often  found  as  sulphides,  but  the  others 
usually  occur  in  the  native  state,  several  of  them  being  frequently 
associated  together.  Their  affinity  for  sulphur  and  for  chlorine  is 
much  stronger  than  for  oxygen.  All  of  them  form  at  least  two 
chlorides,  and  some  three  or  even  four.  The  chlorides  of  the  noble 
metals  have  a  strong  tendency  to  form  double  chlorides  with  the 
chlorides  of  the  metals  of  the  alkalies. 

Silver  exhibits  considerable  analogy  with  lead;  its  oxide  pos- 
sesses very  strong  basic  power;  palladium  is  closely  allied  to 
copper. 

^  II.  General  Properties  of  the  Compounds  of  the  Metals 

WITH    the    non-metallic    ELEMENTS. 

(440)  The  Oxides. — The  most  important  compounds  of  the 
metals  with  the  non-metallic  bodies  are  those  which  they  form  with 
oxygen.  The  oxides  in  many  cases  form  abundant  and  valuable 
metallic  ores ;  such  as  the  different  forms  of  haematite,  the  specular 
and  magnetic  iron  ores,  and  tinstone,  the  ordinary  ore  of  tin. 

The  oxides  in  general  are  devoid  of  all  metallic  appearance,  and 
present  par  excellence  the  characters  of  earthy  matters.  The  prot- 
oxides, when  solid,  are  all  insulators  of  the  voltaic  current.  Some 
of  the  higher  oxides,  as  the  binoxides  of  silver,  lead,  and  man- 
ganese, allow  it  to  pass  with  almost  as  much  facility  as  a  metal 
itself  would  do.  It  is  singular  that  all  these  conducting  peroxides 
may  be  formed  in  solutions  by  the  action  of  the  current  itself. 

The  oxides,  when  found  crystallized  in  the  native  state,  are 
much  harder  than  the  metals  that  furnish  them,  and  they  generally 
have  a  specific  gravity  considerably  less  than  the  metals  themselves. 
All  the  oxides  at  ordinary  temperatures  are  solid;  many  fuse  at  a 


690  GENERAL    PROPERTIES    OF    THE    OXIDES. 

red  lieat^  as  the  protoxides  of  potassium^  sodium,  lead,  and  the  ses- 
quioxide  of  bismuth  :  the  oxide  of  copper,  molybdic  acid,  sesquioxide 
of  chrome,  and  black  oxide  of  iron,  require  a  much  higher  tempe- 
rature to  effect  their  fusion.  Baryta,  strontia,  and  alumina  require 
the  heat  of  the  oxy hydrogen  jet,  while  upon  some,  such  as  lime 
and  yttria,  no  appearance  of  fusion  is  exhibited,  even  after  the 
application  of  the  most  intense  heat. 

As  a  general  rule,  the  addition  of  oxygen  to  a  metal  renders  it 
much  less  fusible  and  volatile.  The  protoxide  of  iron,  the  sesqui- 
oxide of  chrome,  and  molybdic  acid,  are  the  only  oxides  which  melt 
at  a  temperature  below  that  of  the  metal  from  which  they  are  pro- 
duced. A  few  of  the  oxides  are  volatile  at  moderate  temperatures ; 
among  these  are  arsenious  acid,  sesquioxide  of  antimony,  and  tessar- 
oxide  of  osmium.  Six  only  of  the  basic  oxides  are  soluble — viz., 
the  three  alkalies,  and  baryta,  strontia,  and  lime.  The  insolubility 
of  the  oxides,  however,  is  far  from  being  so  complete  in  general  as 
that  of  the  corresponding  sulphides,  and  consequently,  except  in 
particular  cases,  it  is  less  advisable  in  analytical  operations  to 
separate  the  metals  in  the  form  of  oxides  than  in  that  of  sul- 
phides. 

Those  compounds  of  oxygen  with  the  metals  which  possess  acid 
characters  are  often  freely  soluble  in  water,  as,  for  example,  the 
chromic,  manganic,  and  arsenic  acids ;  others,  as  the  molybdic  and 
tungstic  acids,  are  more  sparingly  taken  up  ;  but  even  those  acids 
which,  like  the  tantalic  and  telluric,  are  insoluble,  form  hydrates 
which  usually  redden  litmus  paper. 

By  the  action  of  a  red  heat  many  of  the  oxides  lose  their 
oxygen,  either  partially  or  entirely.  The  oxides  of  the  noble  metals 
are  completely  reduced ;  the  peroxides  of  lead,  of  cobalt,  of 
nickel,  and  of  barium  return  to  the  state  of  protoxide ;  and  arsenic 
and  chromic  acids  are  converted  respectively  into  arsenious  acid 
and  sesquioxide  of  chromium.  It  may  be  stated  as  a  general  rule, 
liable  however  to  exception,  especially  in  the  case  of  the  acidifiable 
metals  in  the  fifth  class,  that  the  affinity  of  a  metal  for  oxygen 
increases  in  the  inverse  proportion  of  its  specific  gravity;  the 
lightest  metals,  such  as  potassium  and  sodium,  being  the  most 
readily  oxidized,  while  platinum,  iridium,  and  gold,  which  are  the 
densest  metals,  are  also  those  which  show  the  smallest  tendency 
to  combine  with  oxygen. 

The  compounds  of  the  same  metal  with  oxygen  are  often  nume- 
rous ;  and  the  extremes,  or  the  oxide  with  the  maximum  of  oxygen 
and  the  oxide  with  the  minimum  of  oxygen,  frequently  present 
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chemical  qualities  of  opposite  kinds,  the  former  being  electro- 
negative, and  possessing  acid  properties,  whilst  the  lower  oxides 
are  electro-positive,  or  basic  in  their  nature. 

An  excellent  instance  of  this  kind  is  afforded  in  the  various 
oxides  of  manganese  :  the  protoxide,  (MnO),  is  a  powerful  base, 
the  sesquioxide,  (Mn203),  is  a  much  weaker  base;  the  deutoxide, 
(Mn02),  enters  into  combination  neither  with  acids  nor  alkalies, 
while  the  two  higher  oxides,  manganic  and  permanganic  acids, 
(MnOg)  and  (MngOy),  combine  with  alkalies,  and  are  true  acids. 
As  a  general  rule,  the  greater  the  number  of  equivalents  of  oxygen 
which  an  oxide  contains,  the  less  is  it  disposed  to  unite  with  the 
acids :  on  the  contrary,  it  frequently  possesses  acid  properties, 
and  then  it  unites  with  bases  to  form  salts.  Protoxides  generally 
are  strong  salifiable  bases;  to  form  neutral  salts,  they  require  i 
equivalent  of  acid.  Sesquioxides  are  weaker  bases ;  their  salts  are 
usually  unstable ;  they  require  3  equivalents  of  acid  to  form  a  salt 
which  is  neutral  in  composition,  and  in  general  all  oxides  require 
as  many  equivalents  of  acid  as  they  contain  equivalents  of  oxygen 
in  their  composition. 

Preparation  of  the  Oxides. — Most  of  the  oxides  may  be  procured 
in  combination  with  water;  generally  speaking,  these  hydrated 
oxides  are  obtained  by  double  decomposition,  on  the  addition  of  an 
alkali  to  one  of  their  soluble  salts  :  thus  sulphate  of  zinc  yields 
hydrated  oxide  of  the  metal  on  adding  hydrate  of  potash  to  its 
solution;  ZnO,  SO3  +  KO,  HO  =  KO,  SO3,  -f  ZnO,  HO.  The  metals 
which  form  powerful  bases,  like  those  of  the  alkalies  and  alkaline 
earths,  retain  the  water  with  great  obstinacy;  while  others,  which 
are  less  powerful  bases,  such  as  the  hydrated  oxide  of  copper,  are 
decomposed  at  a  temperature  below  that  of  boiling  water. 

The  anhydrous  oxides  may  be  obtained  in  several  ways : — 
I .  They  may  often  be  formed  directly,  by  burning  the  metal  in  air, 
or  in  oxygen  gas.  This  process  is  best  adapted  to  metals  which, 
like  zinc  or  arsenic,  are  volatile,  or  which  produce  fusible  oxides, 
like  iron  or  lead;  in  such  cases  the  oxide  is  removed  as  fast  as  it 
is  formed,  and  fresh  surfaces  of  the  metal  are  continually  exposed 
to  the  action  of  the  gas.  Anhydrous  potash  and  soda  cannot  be 
obtained  by  any  other  method ;  and  it  is  resorted  to  on  the  large 
scale  in  the  preparation  of  arsenious  acid,  and  of  the  oxides  of  zinc 
and  lead.  Several  of  the  metallic  protoxides,  if  roasted  at  a  low 
red  heat  in  a  current  of  air  or  of  oxygen,  absorb  an  additional 
quantity  of  oxygen.  Litharge,  or  protoxide  of  lead,  is  thus  con- 
verted into  red  lead,  2  PbO,  Pb02 ;  and  peroxide  of  barium,  BaOg, 
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may  in  this  way  be  obtained  from  baryta.  2.  Another  method 
consists  in  the  formation  of  a  nitrate  of  the  oxide  of  the  metal 
by  means  of  nitric  acid ;  the  nitrate  is  then  decomposed  by  heat, 
which  expels  the  acid  and  leaves  the  oxide  :  in  this  way  the  oxides 
of  mercury,  bismuth,  antimony,  copper,  barium,  and  strontium  are 
prepared.  3.  In  some  cases  it  is  found  advantageous  to  prepare 
the  oxide  by  the  decomposition  of  the  carbonate  of  the  metal  by 
heat.  All  the  carbonates,  with  the  exception  of  those  of  soda, 
potash,  and  baryta,  are  decomposed  at  a  red  heat.  Lime  is 
thus  commonly  obtained  from  limestone,  which  is  an  impure  car- 
bonate. 4.  Sometimes  the  hydrated  oxide  is  precipitated,  as  already 
mentioned,  and  then  rendered  anhydrous  by  heat;  in  this  manner 
sesquioxides  of  iron  and  uranium  are  often  prepared.  5.  All  the 
acid  oxides  may  be  obtained  by  deflagrating  the  metal  or  its  sulphide 
with  nitrate  of  potash ;  the  tendency  of  the  metallic  acid  to  unite 
with  the  alkali  favours  the  oxidation  of  the  metal :  the  higher 
oxides  of  osmium,  of  titanium,  and  of  chromium  and  others  may  be 
obtained  in  this  way. 

Decompositions. — The  oxides  are  not  affected  by  hydrogen  gas 
at  the  ordinary  temperature  of  the  air.  All  the  higher  oxides  of 
the  metals  are  readily  reduced  to  protoxides  by  hydrogen  at  a  low 
red  heat,  whilst  water  is  formed ;  and  at  a  full  red  heat  a  large 
number  of  them  are  reduced  to  the  metallic  state.  This  reduction 
goes  on  most  readily  when  the  current  of  hydrogen  is  brisk,  so  that 
the  vapour  of  water  is  carried  away  as  fast  as  it  is  formed.  The 
oxides  of  many  of  the  metals  which  decompose  water  at  a  red 
heat  may  nevertheless  be  deprived  of  their  oxygen  in  a  current  of 
hydrogen;  this  is  the  case,  for  example,  with  the  oxides  of  iron, 
of  zinc,  and  of  cadmium.  The  metals  of  the  alkalies  and  of  the 
earths  are  not  reducible  by  hydrogen. 

The  reducing  action  of  carbon  at  a  high  temperature  is  still  more 
important ;  all  the  metals  which  yield  their  oxygen  to  hydrogen  do 
so  to  carbon,  and  potassium  and  sodium  are  obtainable  from  their 
compounds  by  its  agency.  This  arises  in  part  from  the  volatility 
of  these  two  metals,  which  is  sufficient  to  enable  them  to  be 
distilled  from  the  carbonaceous  mixture.  Lithium  and  the  metals 
of  the  earths  are  not  volatile,  and  though  their  affinity  for  oxygen 
is  less  intense  than  that  of  potassium  or  of  sodium,  they  cannot  be 
obtained  from  their  oxides  by  the  action  of  carbon.  It  depends 
upon  the  nature  of  the  metal,  and  upon  the  temperature  employed, 
whether  the  gas  that  is  formed  during  the  reduction  be  carbonic 
oxide  or  carbonic  acid.      The  more  readily-oxidizable  metals,  such 
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as  potassium,  zinc_,  and  iron,  at  a  liigh  temperature  decompose 
carbonic  acid,  so  that  carbonic  oxide  only  is  formed  when  they  are 
reduced;  while  if  the  reduction  take  place  readily,  as  is  the  case 
with  copper  and  lead,  carbonic  acid  is  produced. 

Dry  chlorine  sometimes,  even  without  the  application  of  heat, 
decomposes  the  basic  metallic  oxides,  expelling  their  oxygen,  and 
converting  them  into  chlorides.  At  an  elevated  temperature  few 
of  them,  excepting  those  of  magnesium  and  of  the  earths  in  the 
third  group,  resist  its  action;  the  oxides  of  gold  and  platinum 
are  simply  reduced  to  the  metallic  state ;  but  chlorides  are  formed 
in  other  cases. 

If  the  oxides  be  hydrated  and  suspended  in  water,  the  action 
of  chlorine  is  quite  different;  the  metals  of  the  first  two  groups 
yield  bleaching  compounds,  and  by  heat  are  converted  into 
chlorates  and  chlorides  in  the  manner  already  explained  (321).  The 
oxides  of  the  third  group  experience  no  particular  change,  but  those 
in  the  fourth  group  are  converted  into  a  mixture  of  chloride  and 
sesquioxide.  The  sesquioxides  of  cobalt  and  of  nickel  are  usually 
prepared  in  this  manner:  thus,  3  CoO  +  Cl  =  CoCl  +  Co203. 

If  the  liquid  be  strongly  alkaline,  the  whole  of  the  metal  may  be 
converted  into  sesquioxide ;  2  CoO  +  KO  +  CI  =  C02O3  +  KCl.  The 
potash  in  this  case  parts  with  its  oxygen,  which  is  transferred  to  the 
cobalt,  whilst  the  chlorine  combines  with  the  potassium.  The 
protoxide  of  manganese  under  these  circumstances  yields  the 
hydrated  peroxide,  (MnOa). 

If  the  metal  be  capable  of  forming  an  acid  with  3  equivalents 
of  oxygen,  the  process  of  oxidation  may  proceed  farther,  and  the 
sesquioxide  may,  in  the  presence  of  a  large  quantity  of  potash, 
become  converted  into  the  metallic  acid,  which  combines  with  a 
portion  of  the  excess  of  alkali;  thus  in  the  case  of  peroxide  of 
iron,  FcaOg  +  5  KO  +  3  CI  =  2(K0,  ¥eO^)  -f  3  KCl;  ferrate  of 
potash  being  produced. 

Most  of  the  oxides  are  decomposed  more  or  less  completely 
when  heated  with  sulphur ;  the  alkalies  and  alkaline  earths  are 
converted  into  sulphates  and  sulphides,  but  the  metals  of  the  earths, 
or  those  of  the  third  group,  are  unaltered.  Most  of  the  other 
oxides  are  converted  into  sulphides  with  escape  of  sulphurous  acid. 
The  oxides  are  more  readily  decomposed  by  sulphur  if  they  be 
previously  mixed  with  carbon. 

(441)  Estimation  of  Oxygen  in  Metallic  Oxides. — The  composi- 
tion of  a  metallic  oxide  may  be  ascertained,  if  it  be  decomposable 
by  hydrogen,  by  heating   the   compound  in  a  current  of  this  gas 
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and  collecting  and  weighing  the  water  produced,  and  deter- 
mining the  amount  of  reduced  metal  which  a  given  weight  of  the 
oxide  has  yielded.  In  other  cases  a  given  weight  of  the  metal  is 
converted  into  oxide,  either  by  heating  the  metal  in  a  current  of 
air,  or  by  converting  it  into  a  nitrate,  and  afterwards  expelling  the 
nitric  acid  by  the  application  of  heat,  and  weighing  the  quantity  of 
oxide  which  is  left. 

(442)  Sulphides. — The  combinations  of  sulphur  with  the  metals 
are  numerous,  and  in  many  instances  of  great  value.  A  large 
number  of  them  occur  as  natural  productions,  in  which  case  they 
often  exhibit  a  high  metallic  lustre ;  as  is  shown  by  the  sulphides 
of  iron,  copper,  lead,  and  antimony. 

Sulphur  often  combines  with  the  same  metal  in  several  propor- 
tions, and  it  usually  happens  that  for  each  oxide  a  correspondmg 
sulphide  may  be  formed.  It  sometimes  happens,  as  in  the  case 
of  the  metals  of  the  alkalies  and  alkaline  earths,  that  the  sulphides 
are  more  numerous  than  the  oxides  ;  thus  two  oxides  of  potassium, 
sodium,  and  barium  only  are  known,  but  there  are  not  fewer  than 
five  sulphides  of  these  metals. 

All  the  metallic  sulphides  are  solid  at  ordinary  tempera- 
tures. Most  of  them  fuse  at  a  heat  a  little  above  redness,  and  if 
the  air  be  excluded,  the  protosulphides  undergo  no  change;  the 
higher  sulphides,  as  the  bisulphide  of  iron  and  bisulphide  of  tin, 
are  decomposed,  and  give  off  the  second  equivalent  of  sulphur, 
whilst  a  protosulphide  of  the  metal  is  left.  Tersulphide  of  arsenic, 
or  orpiment,  AsSg,  and  sulphide  of  mercury,  or  cinnabar,  (HgS), 
may  even  be  sublimed ;  that  is  to  say,  they  may  be  converted  into 
vapour,  and  re-condensed  in  the  solid  form.  Indeed,  these  sulphides 
are  usually  purified  by  this  operation. 

If  the  air  be  allowed  free  access  to  the  heated  sulphides,  they  are 
all  decomposed;  the  sulphur  becomes  oxidized,  and  passes  off  as 
sulphurous  acid,  whilst  the  metal  in  most  cases  remains  in  combina- 
tion with  oxygen.  The  sulphides  of  the  alkaline  metals  and  of  the 
earths  become  converted  into  sulphates  of  the  base,  and  the  same 
thing  occurs  less  completely  with  many  of  the  metals  which  have 
a  strong  affinity  for  oxygen  ;  the  sulphides  of  iron,  lead,  and  copper 
are  partially  converted  into  sulphates,  but  by  a  stronger  heat  these 
sulphates  lose  their  acid,  and  the  oxide  of  the  metal  only  is  left. 
The  sulphides  of  the  noble  metals,  when  roasted  in  a  current  of 
air,  lose  their  sulphur,  which  burns  off  in  the  form  of  sulphurous 
acid,  while  the  pure  metal  remains  behind. 
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The  sulphides  are  all  insoluble  in  water,  with  the  exception  of 
those  of  potassium,  sodium,  calcium,  strontium_,  and  barium.  Sul- 
phide of  map^nesium  is  sparingly  soluble. 

The  sulphides,  like  the  oxides,  may  be  subdivided  into  basic 
and  acid  sulphides,  according  to  the  nature  of  the  metal,  and  the 
number  of  equivalents  of  sulphur  with  which  it  is  combined.  The 
protosulphides  of  the  alkaline  metals  afford  illustrations  of  basic 
sulphides,  and  they  enter  into  combination  with  the  higher  sulphides 
of  metals  which,  like  antimony  and  arsenic,  form  acids  with  oxygen. 
Pentasulphide  of  arsenic,  or  sulph arsenic  acid,  in  this  way  combines 
with  sulphide  of  sodium,  and  forms  a  crystalline  soluble  compound, 
(3  NaS,  ASS5  +  15  aq),  and  in  like  manner  pentasulphide  of  anti- 
mony, or  sulphantimonic  acid,  forms  a  soluble  compound  with 
sulphide  of  sodium,  (3  NaS,  SbSgH- 18  aq),  which  crystallizes  in 
beautiful  transparent  tetrahedra.  A  large  number  of  similar  com- 
pounds may  be  formed  with  the  sulphides  of  other  metals,  and 
these  compounds  are  for  the  most  part  soluble  in  water. 

In  consequence  of  the  tendency  to  the  formation  of  these 
double  sulphur  salts,  many  of  the  sulphides  which  are  insoluble  in 
water  dissolve  freely  in  solutions  of  sulphide  of  potassium  or  sul- 
phide of  ammonium ;  and  this  circumstance  is  frequently  taken 
advantage  of  in  the  laboratory  during  the  progress  of  an  analysis, 
for  the  purpose  of  separating  certain  metals  which  are  soluble  in 
the  alkaline  sulphides  from  others  which  are  not  soluble.  The 
following  sulphides  dissolve  in  a  solution  of  hydrosulphate  of 
ammonia,  and  in  solution  of  sulphide  of  potassium  : — 


Tersulphide  of  gold    .     .     .  An  S3 
Bisulphide  of  platinum    .     .  PtS, 
Sesquisulphide  of  rhodium 
Tersulphide  of  arsenic    . 
Pentasulphide  of  arsenic 
Tersulphide  of  antimony 
Pentasulphide  of  antimony  SbSg 
Bisulphide  of  vanadium  .     .  VSg 
Tersulphide  of  vanadium     .  VS3 


^02^3 

AsSj 
AsS, 
SbS, 


Tersulphide  of  tungsten  .  .  WS3 
Tersulphide  of  molybdenum  .  M0S3 
Quadrisulphide  of  molybdenum  M0S4 
Protosulphide  of  tin         ...  SnS 

Bisulphide  of  tin SnSo 

Bisulphide  of  tellurium  .  .  TeSg 
Tersulphide  of  tellurium  .  .  TeSj 
The  sulphides  of  iridium. 


A  large  number  of  the  sulphides,  especially  those  of  the  more 
oxidizable  metals,  dissolve  in  hydrochloric  acid  when  cold,  and  still 
more  readily  when  heated;  a  chloride  of  the  metal  and  hydro- 
sulphuric  acid  being  formed.  It  is  in  this  way  that  hydrochloric 
acid  acts  upon  the  tersulphide  of  antimony ; 

SbS3  4-3HCl=SbCl3  4-3HS. 

Sulpliuric   acid,  when   dilute,  acts  in  a  similar  manner  upon  the 
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sulphides  of  the  more  oxidizable  metals,  though  less  readily  than 
hydrochloric  acid.  The  sulphides  are  all  decomposed  when  heated 
in  a  current  of  chlorine  gas,  chloride  of  sulphur  and  chloride  of  the 
metal  being  formed.  This  property  is  sometimes  made  use  of  in 
the  analysis  of  ores  consisting  chiefly  of  sulphides,  or  of  sulphides 
and  arsenides  of  the  metals ;  the  volatile  metallic  chlorides  are  in 
this  way  separated  from  the  more  fixed  ones.  Aqua  regia  attacks 
and  decomposes  the  sulphides  as  readily  as  gaseous  chlorine.  Most 
of  them  are  also  decomposed  by  nitric  acid,  sulphuric  acid  and 
nitrate  of  the  metal  being  formed  ;  part  of  the  sulphur  often  sepa- 
rates in  the  form  of  tough  elastic  masses,  which,  if  the  heat  be 
continued,  collect  into  yellow  globules,  and  can  be  oxidized  only  by 
prolonged  digestion  in  the  acid. 

Before  the  blowpipe,  the  sulphides  are  easily  recognised  by  the 
odour  of  sulphurous  acid  which  they  emit,  either  when  heated  in  a 
glass  tube  open  at  both  ends,  or  when  roasted  upon  charcoal. 
Some  other  particulars  relating  to  the  sulphides  have  been  already 
mentioned  iss^)- 

Preparation. — Many  methods  for  preparing  the  sulphides  may  be 
adopted,    i.  Sulphur  may  be  heated  with  the  metallic  oxides,  many 
of  which  it  decomposes :  with  the  alkalies  and  the  alkaline  earths, 
a  sulphate,  and  a  sulphide  with  variable  proportions  of  sulphur, 
are  obtained  :  but  when   definite  and  pure  sulphides  are  required, 
other  means   should  be   adopted.      2.  The  protosulphides   of  the 
metals  of  the  alkalies  and  of  the  alkaline  earths  may  be  procured 
by  decomposing  the  sulphates  of  these  metals  by  igniting  them 
with  charcoal;  oxygen  is  removed,  carbonic  oxide  formed,  and  the 
remaining  sulphide  may  be  dissolved  in  water  and  freed  from  the  ex- 
cess of  charcoal;  KO,  S03  +  4C  =  KS+4CO.   3.  Hydrogen  is  some- 
times employed  for  preparing  the  sulphides  from  the  sulphates,  which 
are  to  be  placed  in  a  tube  and  ignited  in  a  current  of  the  gas.      In 
this  manner  the  alkaline  protosulphides  are  easily  obtained  :  the  sul- 
phates of  the  other  metals  frequently  lose  a  portion  of  sulphur,  as 
well  as  all  their  oxygen,  and  subsulphides  are  procured.     4.  Sul- 
phides of  the  metals  may  also  be  procured,  with  the  exception  of 
those  of  the  four  first  groups,  by  passing  a  stream  of  sulphuretted 
hydrogen  through  neutral  or  acid  solutions  of  their  salts,  when  they 
are   precipitated,  often  with   peculiar    and    characteristic   colours. 
5.  The  hydrated  sulphides  of  zinc,  iron,  manganese,  cobalt,   and 
nickel,  which  are  not  thrown  down  by  sulphuretted  hydrogen,  may 
be  prepared  by  double  decomposition,  by  mixing  a  solution  of  the 
salts  of  any  of  these  metals  with  that  of  an  alkaline  sul])hide  :  thus 
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sulphate  of  manganese  if  mixed  with  sulphide  of  potassium  yields 
sulphate  of  potash  and  sulphide  of  manganese;  MnO,  803  + HO, 
KS  =  K0,S03  +  H0,MnS.  6.  Many  of  the  metals  combine  directly 
with  sulphur,  if  heated  with  it,  and  form  sulphides  ;  the  compounds 
thus  obtained  often  contain  sulphur  dissolved  in,  or  disseminated 
through,  the  mass.  Sulphide  of  iron  is  usually  prepared  in  this 
manner.  Indeed,  sulphur,  though  itself  combustible,  supports  the 
combustion  of  many  metallic  bodies,  which  burn  vividly  when 
heated  in  its  vapour. 

(443)  Estimation  of  Sulphur  in  Metallic  Sulphides. — Sulphur  is 
always  estimated  either  in  the  form  of  sulphuric  acid  or  of  free  sul- 
phur. Sulphur  is  easily  converted  into  sulphuric  acid  by  the  agency 
either  of  gaseous  chlorine  or  of  aqua  regia,  and  the  soluble  sul- 
phates, when  mixed  in  an  acid  solution  with  a  salt  of  baryta,  yield 
an  insoluble  sidphate  of  baryta,  which,  when  well  washed  with 
boiling  water  and  ignited,  furnishes  data  for  the  calculation  of  the 
sulphur ;  100  parts  of  sulphate  of  baryta  contain  34*32  of  sulphuric 
acid,  or  13" 73  of  sulphur.  If  a  salt  of  silver  be  present,  nitrate  of 
baryta  must  be  employed  to  precipitate  the  sulphuric  acid. 

If  during  the  solution  of  a  sulphide  in  aqua  regia,  the  sulphur 
have  collected  into  clear  yellow  balls,  and  the  action  upon  the  ore 
appears  to  be  complete,  it  is  not  necessary  to  wait  till  the  whole 
of  the  sulphur  is  dissolved  :  the  undissolved  portion  may  be  collected 
on  a  small  counterpoised  filter,  and  weighed,  and  its  amount  must  be 
added  to  that  which  has  been  converted  into  sulphuric  acid;  the 
proportion  of  which  is  to  be  ascertained  by  means  of  a  baryta  salt 
in  the  maimer  above  described. 

(444)  Chlorides. — In  colour  and  external  appearance  the 
metallic  chlorides  exhibit  considerable  variety.  They  are  all  fusible 
at  moderate  temperatures,  and  melt  much  more  readily  than  the 
corresponding  oxides.  Many  of  them  are  semi-transparent  after 
fusion :  in  general  they  are  sectile  compounds,  and  possess  but  an 
inferior  degree  of  hardness.  In  the  solid  form  the  chlorides  are 
non-conductors  of  electricity,  but  the  protochlorides,  when  fused, 
transmit  the  voltaic  current,  and  experience  decomposition.  The 
action  of  chlorine  upon  the  metals  is  generally  stronger  than  that 
of  oxygen  upon  them ;  but  if  a  metallic  chloride  be  heated  in  a 
current  of  oxygen  or  of  atmospheric  air,  the  chlorine  is  expelled, 
and  an  oxide  of  the  metal  is  produced.  The  only  instances  in 
which  this  decomposition  does  not  take  place,  occur  in  the  case  of 
the  chlorides  of  the  noble  metals  and  in  those  belonging  to  the 
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first    and    second   groups.      Chloride    of   magnesium    is  however 
readily  decomposed  in  this  manner. 

In  the  case  of  the  metals  which  have  but  slight  affinity  for  oxygen 
the  chlorides  generally  correspond  in  number  with  the  oxides ; 
and  for  every  chloride  an  analogous  oxide  is  always  obtainable ;  but 
when  the  metal  exhibits  a  strong  affinity  for  oxygen^  and  forms  a 
powerful  l^asC;,  the  number  of  oxides  frequently  exceeds  that  of  the 
chlorides.  When  mixed  with  water^  the  chlorides  of  some  of  the 
acidifiable  metals  are  decomposed.  In  such  cases  it  sometimes 
happens  that  hydrochloric  acid  and  the  metallic  acid  are  formed, 
as  occurs  when  chloride  of  tungsten  or  the  perchloride  of  antimony 
are  diluted;  SbClg-l-^  HO  =  Sb05  +  5  HCl.  In  other  cases,  the 
chloride  is  only  partially  decomposed,  and  a  portion  of  it  unites 
with  the  newly  formed  oxide,  thus  producing  an  oxychloride  of  the 
metal,  whilst  hydrochloric  acid  is  set  free.  Terchloride  of  antimony 
and  chloride  of  bismuth  furnish  instances  of  this  kind  :  thus,  3  BiClg 
+  9  HO  =  BiClg,  2  (BiOg,  3  HO)  +  6  HCl.  From  these  cases  it  has 
been  argued  by  some  chemists  that  all  chlorides,  when  put  into 
water,  decompose  that  liquid,  and  that  when  they  remain  dissolved 
a  hydrochlorate  of  the  oxide  is  formed.  There  are  strong  reasons, 
however,  for  doubting  the  general  applicability  of  this  view :  it  is 
found,  for  instance,  that  in  many  cases,  on  crystallization,  the  anhy- 
drous chloride  separates  from  the  aqueous  solution,  as  occurs  with 
common  salt. 

Formation, — i.  Many  of  the  metallic  chlorides  may  be  formed 
by  heating  the  metal  in  a  current  of  dry  chlorine :  in  this  way  the 
perchlorides  of  antimony  and  of  iron  are  procured.  2.  An  easier 
method,  in  cases  where  it  is  applicable,  consists  in  dissolving  the 
oxide  or  the  carbonate  of  the  metal  in  hydrochloric  acid,  and  evapo- 
rating the  solution  to  dryness,  or  till  crystallization  commences. 
Chlorides  of  cobalt,  of  nickel,  and  of  calcium  may  be  thus  obtained. 
This  process,  however,  fails  in  many  cases,  particularly  in  the  class 
to  which  the  earths  belong  ;  chlorides  of  magnesium  and  aluminum, 
for  example,  lose  their  chlorine  when  their  solutions  are  evaporated 
in  contact  with  the  air  or  with  oxygen.  3.  In  cases  where  the  chlo- 
ride is  volatile,  like  those  of  aluminum  and  glucinum,  the  oxide  of 
the  metal  is  mixed  with  charcoal,  and  a  current  of  dry  chlorine  is 
transmitted  over  the  mixture ;  the  charcoal  removes  the  oxygen  as 
carbonic  oxide,  and  the  chlorine,  uniting  with  the  metal,  forms  a 
chloride  wdiich  volatilizes  and  condenses  in  the  cool  part  of  the 
apparatus.      If  the  basic  oxides  be  heated  to  redness  in  a  current  of 
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dry  clilorine^  oxygen  is  expelled  and  a  chloride  of  tlie  metal  remains ; 
but  this  process  is  never  adopted  for  procuring  the  chlorides. 

Many  of  the  chlorides  of  the  more  electro-negative  metals  are 
decomposed  when  heated  with  the  more  electro- positive  metals. 
Bichloride  of  tin  may  thus  be  obtained  by  heating  metallic  tin 
with  an  excess  of  corrosive  sublimate;  and  the  terchlorides  of  anti- 
mony and  of  bismuth  may  be  obtained  in  a  similar  manner.  Some- 
times this  process  is  employed  for  the  purpose  of  isolating  those 
metals  the  oxides  of  which  resist  decomposition  by  the  usual 
means.  In  this  way  sodium  is  employed  to  decompose  the 
chloride  of  aluminum  or  of  magnesium  for  the  purpose  of  pro- 
curing the  aluminum  or  magnesium  in  an  uncombined  form;  and 
in  a  similar  manner  potassium  is  employed  to  decompose  the  pro- 
tochloride  of  uranium. 

All  the  metallic  chlorides^  excepting  those  of  the  metals  of  the 
alkalies  and  of  the  earths,  are  reduced  when  sufficiently  heated  in 
a  brisk  current  of  hydrogen.  In  many  cases  the  reduction  is  easily 
effected,  and  this  process  is  occasionally  resorted  to  as  a  means  of 
procuring  certain  metals  in  a  state  of  purity.  Iron,  for  example, 
may  be  obtained  in  fine  cubic  crystals  by  reducing  the  protochloride 
of  the  metal  in  this  manner.  It  is  necessary,  however,  to  maintain 
a  current  of  hydrogen  of  sufficient  rapidity  to  carry  away  the  hy- 
drochloric acid  from  the  reduced  metal,  as  otherwise,  in  most 
cases,  the  chloride  would  be  reproduced  by  the  decomposition  of  the 
acid.  Other  particulars  relating  to  the  chlorides  have  been  already 
mentioned  (313,  316). 

(445)  Estimation  of  Chlorine  in  Metallic  Chlorides. — Chlorine 
is  almost  always  estimated  in  the  form  of  chloride  of  silver,  100 
parts  of  which  represent  2474  of  chlorine.  The  solution  should 
be  acidulated  with  nitric  acid,  and  gently  warmed,  and  then  the 
nitrate  of  silver  should  be  added.  If  iodine  or  bromine  be  present, 
it  will  be  precipitated  with  the  chlorine  and  must  be  determined 
separately,  and  the  corresponding  weight  of  iodide  or  bromide  of 
silver  deducted. 

The  composition  of  an  insoluble  chloride  or  of  a  basic  chloride 
may  be  determined  by  boiling  a  given  weight  of  the  compound 
with  pure  solution  of  potash,  and  determining  the  quantity  of 
chlorine  in  the  alkaline  solution  by  means  of  nitrate  of  silver : 
before  adding  the  solution  of  silver,  the  alkaline  liquid  must  be 
filtered  from  the  undissolved  metallic  oxide,  and  acidulated  with 
nitric  acid. 


700  METALLIC    BROMIDES    AND    IODIDES. 

(446)  The  Bkomides  (328^  329)  closely  resemble  the  chlorides  in 
chemical  characters  :  the  bromides  of  the  alkalies  and  alkaline  earths 
may  be  prepared  by  digesting  them  with  bromine  in  slight  excess ;  a 
bromide  and  a  bromate  of  the  metal  are  formed^  and  by  gentle 
ignition  the  bromate  is  decomposed^  leaving  a  pure  bromide  :  a 
small  quantity  of  charcoal  may  be  added  previous  to  the  ignition, 
by  which  the  decomposition  of  the  bromate  is  more  easily  effected. 
The  bromide  is  removed  from  the  excess  of  charcoal  by  solution  in 
water.  The  other  bromides  may  be  procured  by  acting  upon  the 
metals  by  bromine^  either  in  a  dry  state,  or  in  the  presence  of 
water.  They  are  also  easily  formed  by  dissolving  the  oxides  or 
the  carbonates  in  hydrobromic  acid. 

Bromine  may  be  precipitated  from  its  solutions,  and,  in  the 
absence  of  chlorine,  its  quantity  may  be  estimated  by  means  of 
nitrate  of  silver,  which  occasions  a  white  precipitate  of  bromide  of 
silver,  100  parts  of  which  contain  41*47  of  bromine.  If  chlorine 
be  present,  the  precipitate  will  consist  of  a  mixture  of  the  bro- 
mide and  chloride  of  silver,  it  must  be  collected  and  weighed, 
then  digested  with  metallic  zinc,  and  a  drop  or  two  of  sulphuric 
acid ;  in  a  day  or  two  the  zinc  will  have  reduced  the  bromide  and 
chloride  to  metallic  silver :  this  must  be  well  washed,  dried,  and 
weighed.  It  should  be  wholly  soluble  in  nitric  acid,  as  if  it  be  not, 
part  of  the  precipitate  has  escaped  decomposition. 

From  the  above  data  the  relative  proportions  of  the  bromide 
and  of  the  chloride  of  silver  may  be  calculated :  let  m  be  the 
weight  of  the  mixed  bromide  and  chloride,  and  let  s  be  the  weight 
of  the  reduced  silver ;  then  if  00  represent  the  proportion  of  bromide 
and  y  that  of  chloride  of  silver, 

»»  =  *  +  2/,  and  «  =  1^  ^  +  Ig  y, 

consequently  x,  or  the  bromide  of  silver  in  the  mixture,  =  m  —  y, 
and  ^,  or  the  chloride  of  silver  in  the  mixture,  =  5*1634  s  — 
3*2247  m. 

(446  bis)  The  Iodides  may  be  formed  by  processes  analogous  to 
those  employed  for  the  bromides :  the  insoluble  iodides,  such  as 
those  of  silver  and  lead,  may  be  obtained  from  solutions  of  the 
iodide  of  potassium,  by  admixture  with  a  solution  of  the  metallic 
salt. 

The  iodides  exhibit  a  strong  tendency  to  form  double  salts,  the 
iodides  of  the  alkaline  and  electro-positive  metals  combining  readily 
to  form  cry stalliz able  double  iodides  with  those  of  the  electro- 
negative metals,  such  as  those  of  silver,  mercury,  and  lead.      The 
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iodides  also  form  double  compounds  with  tlie  oxides  and  chlorides ; 
for  example,  there  are  several  compounds  of  the  iodide  with  the 
oxide  of  lead;  and  a  combination  of  bichloride  of  tin  with  the 
protiodide  of  that  metal  may  be  obtained  in  orange-coloured 
crystals;  (SnI,  SnCy. 

The  quantity  of  iodine  in  a  solution  which  contains  iodides,  if 
chlorides  be  absent,  may  be  estimated  by  the  addition  of  nitrate  of 
silver  slightly  acidulated  with  nitric  acid  :  the  resulting  buff-coloured 
iodide  of  silver,  when  collected  and  dried,  contains  54*0  per  cent,  of 
iodine.  If  chlorine  or  bromine  be  present,  the  iodine  must  be  pre- 
cipitated by  means  of  nitrate  of  palladium ;  the  precipitate  must  be 
allowed  to  subside  during  ten  or  twelve  hours,  and  it  may  then  be 
collected  on  a  filter.      It  contains  70*0  per  cent,  of  iodine. 

(447)  Fluorides. — The  general  properties  of  these  compounds 
have  been  already  stated  (338).  The  fluorides  are  usually  prepared 
by  the  direct  combination  of  hydrofluoric  acid  with  the  metallic 
oxide.  Those  which  are  insoluble  may  be  procured  by  mixing  a 
solution  of  the  metallic  salt  with  one  of  fluoride  of  potassium 
or  of  sodium. 

Estimation  of  Fluorine. — A  simple  method  of  detecting  and  of 
approximatively  estimating  fluorine,  when  present  even  in  very 
small  quantities,  has  been  proposed  by  Dr.  G.  Wilson.  The  fol- 
lowing is  the  process,  slightly  modified : — the  substance,  if  it  does 
not  already  contain  silica,  is  mixed  with  pounded  glass,  placed  in  a 
retort,  and  made  into  a  thin  cream  with  oil  of  vitriol ;  the  mixture 
is  next  heated,  and  distilled  into  a  flask  containing  a  solution  of 
ammonia;  the  fluoride  of  silicon  comes  over,  and  is  immediately 
decomposed  :  on  evaporating  the  liquid  in  the  flask  to  dryness  on  a 
water  bath,  the  silica  is  rendered  insoluble,  and  can  be  collected  and 
weighed,  whilst  the  fluoride  of  ammonium  may  be  dissolved  out  with 
a  little  water,  and  the  presence  of  fluorine  shown  by  mixing  it  with 
oil  of  vitriol ;  the  vapour  which  is  evolved  produces  the  usual  corro- 
sive action  of  hydrofluoric  acid  on  glass  (338)  :  the  proportion  of 
silica  in  the  insoluble  residue  to  the  fluorine,  however,  is  not  very 
uniform. 

(448)  Nitrides. — It  is  not  improbable  that  the  fulminating 
compounds,  obtained  by  digesting  the  hydrated  oxides  of  gold,  of 
silver,  and  of  platinum,  in  solution  of  ammonia,  may  owe  their  ex- 
plosive character  to  the  formation  of  a  nitride :  the  composition  of 
these  bodies  has  been  but  imperfectly  investigated,  on  account  of 
their  explosive  character.  So  weak  is  the  affinity  of  nitrogen  for 
metallic  bodies,  that  a  very  slight  alteration  of  circumstances  suffices 
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to  restore  it  suddenly  to  the  gaseous  state.  Nitride  of  copper  is 
formed  by  passing  dry  ammonia  over  oxide  of  copper,  at  a  tempe- 
rature not  exceeding  480°,  in  which  case  water  is  formed  at  the 
expense  of  the  hydrogen  of  the  ammonia  and  the  oxygen  of  the 
oxide,  and  part  of  the  nitrogen  escapes;  thus,  6  CuO  +  2  NH3  = 
CugN  +  6  HO  +  N.  Nitride  of  mercury  may  be  prepared  by 
passing  ammonia  over  oxide  of  mercury  in  a  similar  manner. 

(449)  The  PHOSPHIDES  of  the  metals  are  of  comparatively 
small  importance  :  they  are  never  met  with  in  the  native  state. 
The  phosphides  of  the  metals  of  the  alkalies  and  of  the  alkaline 
earths,  decompose  water  when  thrown  into  it;  self-lighting  phos- 
phuretted  hydrogen  is  disengaged,  and  a  hypophosphite  of  the  base 
is  retained  in  solution.  They  may  generally  be  formed  by  reducing 
the  phosphates  by  heating  them  with  carbon.  In  some  cases,  as  for 
example  in  that  of  phosphide  of  calcium,  the  phosphide  is  formed 
by  heating  the  oxide  strongly,  and  driving  the  vapour  of  phosphorus 
over  it ;  in  this  case  it  is  mixed  with  a  large  proportion  of  phos- 
phate of  lime.  The  insoluble  phosphides  may  often  be  obtained 
by  transmitting  a  current  of  phosphuretted  hydrogen  through 
a  solution  of  the  salt  of  the  metal  in  water  :  phosphides  of  copper 
and  silver  may  be  thus  obtained. 

When  heated  in  air  the  phosphides  are  converted  into  phos- 
phates, or  into  phosphoric  acid,  while  the  metal  is  liberated. 

(450)  Carbides. — The  only  carbides  of  importance  are  those  of 
iron,  which  will  be  considered  in  detail  when  treating  of  that  metal. 
Manganese,  palladium,  iridium,  and  a  few  other  metals  also  com- 
bine with  carbon;  generally  speaking,  these  carbides  are  more 
fusible  than  the  metals  which  enter  into  their  formation. 

Silicon  and  boron  form  with  the  metals  analogous  com- 
pounds of  small  importance. 

(451)  Hydrides. — Hydrogen  is  not  known  to  combine  with 
more  than  three  metals :  viz.,  arsenic,  tellurium,  and  antimony. 
These  compounds  are  gaseous,  and  all  are  decomposed  by  a  red 
heat  into  metal  and  hydrogen  gas.  A  solid  hydride  of  arsenic  is  also 
said  to  exist.  A  few  metals,  such  as  zinc  and  potassium,  appear 
under  peculiar  circumstances  to  undergo  partial  volatilization  along 
with  the  hydrogen  at  the  moment  that  this  gas  is  liberated. 

§  III.  Theory  of  Salts. 

(452)  It  has  already  been  stated  (6)  that  any  substance  which 
is  produced  by  the  union  of  a  base  with  an  acid  is  termed   a  salt. 
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It  is,  however,  necessary  to  examine  more  minutely  into  the  nature 
both  of  bases  and  of  acids,  and  the  compounds  formed  by  their 
combination  with  each  other. 

By  the  word  base,  is  meant  a  body  always  of  a  compound 
nature,  very  frequently  an  oxide  of  a  metal,  which  is  capable  of  uniting 
with  an  acid,  and  of  more  or  less  completely  neutralizing  the  distinc- 
tive characters  of  that  acid.  A  base,  however,  is  not  necessarily  a 
metallic  oxide ;  ammonia,  quinine,  and  morphia,  for  example,  are 
powerftil  bases,  but  they  contain  no  metallic  substance. 

Besides  the  class  of  salts  formed  by  the  combination  of  an  acid 
with  a  base,  there  is  a  numerous  and  important  series  in  which 
neither  acid  nor  base  is  present,  and  of  which  common  salt  is  a 
familiar  instance.  We  proceed  to  indicate  the  points  of  diffe- 
rence and  agreement  between  these  two  kinds  of  salts. 

{453)  Oxyacids  and  Hydracids. — When  Lavoisier  imposed  the 
name  of  oxygen  upon  one  of  the  constituents  of  the  atmosphere,  he 
supposed  that  the  presence  of  that  energetic  body  was  essential  to 
the  existence  of  an  acid,  and  this  view  was  supported  by  the 
known  composition  of  the  principal  acids,  such  as  tlie  sulphuric, 
the  sulphurous,  the  nitric,  the  carbonic,  the  phosphoric,  and  the 
boracic  acids.  An  acid  was  then  considered  to  be  an  oxidized  body 
more  or  less  soluble  in  water,  with  a  sour  taste,  capable  of  redden- 
ing vegetable  blues,  and  entering  into  combination  with  the  alkalies, 
the  distinctive  properties  of  which  it  neutralized. 

By  degrees,  however,  acids  were  discovered,  in  which  no 
oxygen  could  be  detected;  such,  for  example,  as  the  hydrochloric, 
the  hydriodic,  and  the  hydrobromic,  into  the  composition  of 
which  hydrogen  enters ;  yet  these  bodies  were  found  to  cor- 
respond perfectly  with  the  above  definition,  and  possess  all  the 
characters  of  powerful  acids.  To  meet  this  objection,  the  theory 
was  modified,  and  the  acids  were  divided  into  two  great  classes, 
the  first  of  which  comprised  the  oocyacids,  such  as  the  sulphm-ic, 
nitric,  and  others  of  analogous  composition,  in  which  it  was  sup- 
posed that  the  acid  properties  depended  on  the  presence  of  oxygen  ; 
the  second  class  included  the  hydracids,  such  as  the  hydrochloric 
and  hydriodic  acids,  in  which  the  acidifying  principle  was 
assumed  to  be  hydrogen.  It  was  noticed,  that  when  bodies 
belonging  to  either  of  these  classes  combine  Avith  metallic 
compounds,  and  form  neutral  combinations,  the  acids  do  not 
unite  directly  with  the  metals;  the  combination  is  always  with 
their  oxides:  sulphuric  acid,  for  example,  has  no  action  upon 
metallic    copper,  but  it   quickly  dissolves  its  oxide,  forming  the 
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blue  solution  of  sulphate  of  copper.  On  applying  heat  so  as  to 
render  the  salt  anhydrous^  it  was  found  that  the  salts  of  the  oxy- 
acids  (of  which  sulphate  of  potash  may  be  taken  as  the  type) 
might  be  represented  under  the  form  K0_,  SO3,  which  supposes 
the  union  of  i  equivalent  of  the  dry  acid  with  i  equivalent  of  the  alka- 
line base ;  while  a  hydracid  (such  for  instance  as  hydrochloric  acid) 
if  united  with  a  base,  such  as  soda,  yields  a  body  like  common  salt, 
which  when  dry  contains  neither  hydrochloric  acid  nor  soda,  the 
radicle  of  the  acid  being  left  in  combination  with  the  metal  itself; 
NaO  +  HCl  =  NaCl4-HO.  Thus,  in  the  case  of  the  salts  of  the 
hydracids,  it  will  be  observed,  that  the  oxygen  of  the  oxide  is  precisely 
sufficient  to  convert  the  hydrogen  of  the  acid  into  water  :  this  union, 
indeed,  actually  takes  place,  and  the  water  which  they  form  is 
expelled  on  the  application  of  heat.  It  thus  appears  that  although 
compounds  formed  by  the  union  of  an  acid  with  a  base  may  be 
correctly  designated  salts,  it  would  lead  to  a  strange  anomaly 
were  a  salt  to  be  defined  as  a  compomid  of  any  acid  with  a  base, 
since  such  a  definition  would  exclude  common  table-salt — the 
very  substance  from  which  the  term  salt  was  originally  derived  : 
table-salt,  it  is  true,  may  be  formed  by  the  union  of  hydrochloric 
acid  with  the  base,  soda,  but  the  compound  when  dry  contains 
neither  the  acid  nor  the  alkali  which  was  used. 

To  obviate  this  difficulty,  it  was  proposed  to  subdivide  salts 
into  two  classes,  the  first  being  formed  by  the  union  of  an  oxide  with 
an  oxyacid,  like  sulphate  of  potash ;  these  were  termed  oxy salts ; 
the  other  class  being  produced  by  the  combination  of  a  metal  with 
the  characteristic  element  in  a  hydrogen  acid.  The  salts  of  the 
second  class  being  composed  upon  the  same  plan  or  type  as  sea-salt, 
were  termed  haloid  salts  (from  akg,  the  sea),  and  the  elements 
chlorine,  bromine,  iodine,  and  fluorine,  which  were  capable  of 
producing  such  compounds,  were  termed  halogens.  This  distinc- 
tion is  generally  recognised  by  chemical  writers  of  the  present 
day. 

(4^4)  Binary  Theory  of  Salts. — The  foregoing  observations  seem 
to  prove  that  there  is  a  marked  difference  between  the  composition  of 
the  oxyacid  and  the  hydracid  series  of  salts.  The  separation  of  salts 
into  two  classes,  one  consisting  of  the  salts  of  the  oxyacids,  and  the 
other  of  those  of  the  hydracids,  is  not,  however,  indispensable.  A 
hypothesis  was  advanced  by  Sir  H.  Davy,  which  reduces  all  salts 
under  one  class,  and  refers  them  all  to  the  hydracid  type.  Upon 
this  view — frequently  termed  the  binary  theory  of  salts — all  the  acids, 
or  at  least  all  the  hydrated  acids,  are  regarded  as  salts  containing 
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hydrogen  ill  the  place  of  a  metal,  so  that  oxide  of  hydrogen,  or  water, 
acts  the  part  of  a  feeble  base  to  the  dry  acids.  It  is  remarkable  that 
such  of  the  oxyacids  as  can  be  obtained  in  the  dry  or  anhydrous 
form,  such  for  example  as  the  sulphuric,  the  nitric,  the  phosphoric, 
the  carbonic,  and  the  boracic  acids,  do  not  possess  the  properties  gene- 
rally admitted  to  constitute  the  true  acid  character.  Dry  sulphuric 
acid,  for  instance,  does  not  redden  dry  litmus ;  it  may  be  moulded 
in  the  fingers  without  injury;  but  when  once  it  passes  into  the 
hydrated  form,  which  it  speedily  does  by  absorbing  moisture  from 
the  air,  it  corrodes  all  organized  substances  with  great  activity. 
Dry  carbonic  acid  is  also  without  action  on  litmus.  When  such 
acids  are  combined  with  water,  by  a  sHght  modification  of  the 
formula  they  may  be  represented  as  hydracids ;  e.g.,  oil  of  vitriol 
(HO,  SO3),  may  be  expressed  as  (H,  SOJ,  corresponding  with 
hydrochloric  acid  (H,  CI)  :  their  hydrates,  when  heated  in  contact 
with  a  base  or  a  metallic  oxide,  give  off"  one  equivalent  of  water, 
in  a  manner  precisely  analogous  to  the  hydracids  already  examined. 
One  equivalent  of  oil  of  vitriol  treated  with  i  equivalent  of  oxide 
of  lead  would  thus  produce  an  equivalent  of  sulphate  of  lead  and 
an  equivalent  of  water,  as  thus  appears — 

H,  SO,  +  PbO  yield  Pb,  SO^+HO. 

Upon  this  theory,  the  compounds  which  chemists  have  been  in 
the  habit  of  considering  as  hydrated  acids,  would  be  regarded  as 
salts  composed  of  a  compound  radicle  (consisting  of  the  anhydrous 
acid  +  an  equivalent  of  oxygen)  united  with  an  equivalent  of 
hydrogen.  The  other  salts  of  the  acid  are  formed  from  these 
hydrogen  compounds  by  the  displacement  of  the  hydrogen  by  the 
difterent  metals  which  enter  into  the  composition  of  the  various 
salts,  and  which  are  indicated  by  their  respective  names.  A  very 
simple  explanation  is  in  this  manner  afibrded  of  the  liberation  of 
hydrogen  when  diluted  sulphuric  acid  is  acted  upon  by  zinc ;  the 
zinc  simply  enters  into  combination  with  the  radicle  of  the  acid, 
and  displaces  the  hydrogen.      Thus — 

H,  SOi  +  Zn  become  Zn,  SO^  +  H  ; 

and  the  reaction  is,  upon  this  view,  perfectly  analogous  to  that  of 
the  same  metal  upon  hydrochloric  acid ; — 

HCl  +  Zn  =  ZnCH-H. 

This  simple  and  elegant  hypothesis  long  remained  an  unsup- 
ported and  fruitless  speculation ;  but  within  the  last  few  years  the 
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researches  made  in  the  department  of  organic  chemistry  have  greatly- 
strengthened  its  prohahility ;  and  it  has  also  received  powerful  ex- 
perimental confirmation  from  the  voltaic  researches  of  Prof.  Daniell. 
It  was  found  by  Mr.  Daniell  and  myself  that  if  a  current  of  voltaic 
electricity  from  two  or  three  cells  were  transmitted  through  fused 
nitrate  of  silver,  the  salt  was  readily  decomposed,  but  that  metallic 
silver  in  crystals  was  deposited  upon  the  platinode,  whilst  the  oxygen 
and  the  nitric  acid  passed  to  the  zincode,  so  that  under  these  circum- 
stances, the  nitrate  of  silver  (AgO,  NO5)  was  resolved  into  (Ag^NOg), 
the  NOg  breaking  up  at  the  moment  of  its  liberation  into  red  fumes 
of  peroxide  of  nitrogen  and  free  oxygen  gas.  Other  experiments 
which  further  illustrate  this  point,  will  be  described  hereafter. 

A  good  instance  of  the  advantageous  application  of  Davy's 
theory  is  afforded  by  the  different  modifications  of  phosphoric  acid, 
the  leading  peculiarities  of  which  have  been  already  described  (369). 
The  three  varieties  of  phosphoric  acid  have  been  distinguished  as  i, 
the  monobasic  or  metaphosphoric  acid,  which  combines  with  i  equi- 
valent of  a  metal;  the  soda-salt  may  be  represented  as  (Na,POg); 
2,  the  dibasic  or  pyrophosphoric  acid,  the  radicle  of  which  unites 
with  2  equivalents  of  metal,  the  soda  salt  of  which  may  be  regarded 
as  (2  Na,  PO7);  and  3,  the  tribasic,  or  common  phosphoric  acid,  the 
radicle  of  which  requires  3  equivalents  for  saturation,  and  the  soda 
salt  in  this  case  would  have  the  formula  (3  Na,  PO3) .  Each  modifi- 
cation forms  a  corresponding  phosphate  with  hydrogen,  the  three 
compounds  with  hydrogen  being  usually  considered  as  three  distinct 
hydrates  of  phosphoric  acid,  or  phosphates  of  water  :  HO,  POg  being 
the  monophosphate  or  metaphosphate  of  water,  2  HO,  PO5  being  the 
diphosphate  or  pyrophosphate  of  water,  and  3  HO,  POg  being  the 
triphosphate,  or  ordinary  phosphate  of  water.  These  three  different 
proportions  of  water  admit  of  being  displaced  by  a  corresponding 
number  of  equivalents  of  other  bases.  Much  difficulty  in  compre- 
hending this  anomalous  relation  of  phosphoric  acid  to  water  is 
however  removed  if  each  modification  be  considered  to  possess  a 
different  radicle,  which  regulates  the  varying  constitution  of  the 
three  classes  of  salts;  a  view  which  voltaic  researches  have 
strengthened  by  direct  experiment  (Daniell  and  Miller,  Phil,  Trans. 
1844,  p.  i).  Upon  this  theory  it  is  evident  that  so  long  as  each 
radicle  possesses  its  peculiar  constitution  it  will  require  its  own 
characteristic  number  of  equivalents  of  base  to  form  a  salt :  on  the 
old  hypothesis,  however,  there  appears  to  be  no  satisfactory  reason 
why  in  the  aqueous  solutions  of  the  acid  sometimes  one  equivalent, 
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sometimes  two,  and  sometimes  three  equivalents  of  water  should 
be  displaced  by  a  base.  In  order  to  render  this  evident,  it  must 
be  remembered  that  water,  when  in  combination,  plays  several 
distinct  parts  (291).  The  water,  chemically  united  with  these 
hydrates  of  phosphoric  acid,  acts  the  part  of  a  base,  and  is  in  a  con- 
dition very  difterent  from  the  water  which  many  crystallized  salts 
contain  in  the  dry  or  solid  form,  and  which  is  essential  to  the 
possession  of  their  peculiar  crystalline  shape.  Water  under  this 
modification  is  called  water  of  crystallization. 

Ordinary  rhombic  phosphate  of  soda  presents  water  acting  both 
as  a  base  and  as  water  of  crystallization.  The  constitution  of  this 
salt  may  be  represented  by  the  formula  (Na^H,  POg,  24  HO).  The 
24  equivalents  of  water  of  crystallization  are  expelled  below  300°  F. 
If  the  residue  be  dissolved  in  water,  the  solution  presents  all  the  cha- 
racters of  a  solution  of  the  original  salt,  and  by  evaporation  the 
phosphate  of  soda  is  recovered  in  its  original  crystalline  form.  If, 
however,  the  dry  residue,  Na2H,  POg,  be  heated  to  redness,  an  addi- 
tional equivalent  of  w^ater  escapes ;  the  radicle,  POg,  is  partially 
deoxidized  by  the  hydrogen;  a  new  radicle,  PO7,  is  formed,  and 
enters  into  combination  with  Nag,  and  on  dissolving  it  in  water,  a 
new  salt,  the  pyrophosphate  of  soda,  is  produced ;  NagH,  POg 
become  Na^,  PO7  +  HO.  In  like  manner  if  the  acid  phosphate  of 
soda,  NaH2,  POg,  be  heated  to  redness,  the  two  equivalents  of  hydro- 
gen remove  two  equivalents  of  oxygen  from  the  radicle,  POg,  which 
then  becomes  POg;   NaHa,  POg  =  Na,  P06  +  2  HO. 

(455)  Ohjectiotis  to  the  Binary  Theory. — Notwithstanding  the 
ingenuity  of  the  foregoing  theory,  and  the  advantages  which  it 
offers  in  the  explanation  of  certain  modes  of  decomposition,  it  is 
open  to  many  serious  objections ;  and  indeed  it  cannot  be  regarded 
as  a  correct  representation  of  the  composition  of  a  salt  under  all 
circumstances. 

A  few  of  these  objections  may  be  pointed  out : — 

1.  None  of  the  compound  radicles,  SO^,  NOg,  CO3,  have  been 
obtained  in  an  isolated  form,  nor  is  it  probable  that  they  ever 
will  be. 

2.  It  appears  to  be  highly  improbable  that  a  body  of  such 
powerful  affinities  as  potash  should,  in  carbonate  of  potash  for 
example,  part  with  its  oxygen  to  a  substance  which,  like  carbonic 
acid,  exhibits  no  tendency  to  further  oxidation,  so  that  KO,  COg 
should  become  K,  CO3. 

3.  Further,  if  this  theory  be  applied  to  the  ordinary  salts  of  the 


708  THEORY    OF    SALTS. 

oxyacids,  no  reason  can  be  assigned  wliy  it  should  not  be  equally 
applicable  to  the  corresponding  sulphur  compounds^  and  then  the 
contradictions  and  inconsistencies  arising  from  its  application 
become  still  more  apparent. 

The  conclusion  which  a  careful  review  of  the  arguments 
adduced  seems  to  render  most  probable  is  this  :  viz.,  that  a  salt, 
when  once  formed,  must  be  regarded  as  a  whole ;  it  can  no  longer 
be  looked  upon  as  consisting  of  two  distinct  parts,  but  as  a  new  sub- 
stance, maintained  in  its  existing  condition  by  the  mutual  actions 
of  all  the  elements  which  compose  it.  These  different  elements 
are  not  all  united  among  each  other  in  every  direction  with  an 
equal  amount  of  force.  As  in  a  crystal  there  are  certain  directions 
in  which  the  mass  admits  of  cleavage  with  greater  facility  than  in 
others^  and  as  two  or  three  different  directions  of  cleavage  may  be 
found  in  the  same  crystal  by  varying  the  direction  in  which  the 
force  is  applied,  so  in  the  same  salt  there  are  directions  in  which 
it  yields  to  the  application  of  chemical  force  more  readily  than 
others,  and  according  as  that  chemical  force  is  applied  in  one  way 
or  in  another,  the  compound  splits  up  into  simpler  substances,  the 
nature  of  which  will  vary  according  to  the  mode  which  has  been 
selected  for  effecting  its  decomposition. 

For  example,  if  a  strong  acid,  such  as  nitric  acid,  be  poured 
upon  carbonate  of  potash,  carbonic  acid  is  liberated  abundantly, 
and  nitrate  of  potash  is  produced;  KO,  C02  +  N05  =  KO,  NOgH- 
CO2 ;  but  if  another  portion  of  the  same  carbonate  of  potash  be 
mixed  with  charcoal,  and  heated  in  an  iron  retort  to  whiteness, 
metallic  potassium  and  carbonic  oxide  are  the  results ;  KO,  CO2  + 
2  C  =  K  +  3  CO.  Again,  if  a  solution  of  carbonate  of  potash  be 
subjected  to  electrolysis  by  the  aid  of  the  voltaic  battery,  the 
salt  splits  up  into  potassium  (which  is  immediately  oxidized  by  the 
water  in  the  midst  of  which  it  is  liberated),  and  into  CO3,  which 
is  as  instantly  resolved  into  oxygen  gas  and  carbonic  acid ;  KO,  COg 
becoming  K,  CO3,  and  K  +  HO  giving  KO  -h  H,  whilst  CO3  becomes 
CO2  +  O.  The  probability  therefore  is,  that  neither  the  old  nor 
the  new  view  is  absolutely  correct,  but  that  each  may  in  turn  well 
represent  the  salt  when  subjected  to  the  influence  of  particular 
circumstances.  It  may  therefore  readily  be  conceded  that  the 
binary  theory  may  in  certain  cases  elucidate  the  decompositions 
observed,  notwithstanding  the  difficulties  which  prevent  its  adoption 
as  a  correct  representation  of  the  molecular  arrangement  of  saline 
compounds  in  general. 
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Binary  compounds  are  sucli  as  consist  of  two  elements  only; 
chloride  of  sodium,  (NaCl),  therefore,  is  a  binary  compound ;  and 
if  all  salts  be  assimilated  to  this  type,  it  is  assumed  that  the  group- 
ing of  their  molecules  resembles  that  which  occurs  in  this  binary 
compound.  Upon  this  view  all  salts  consist  of  two  portions  :  one 
comprising  the  distinctive  constituents  of  the  acid,  and  consisting 
either  of  a  non-metallic  elementary  substance,  chlorine,  CI,  for 
example,  or  else  an  equivalent  compound  body  (suppose  it  be  sul- 
phion,  SO4),  which  is  termed  the  radicle  of  the  salt ;  the  other  is 
either  a  metal  (sodium,  Na,  for  instance),  or  else  a  compound  like 
ammonium,  (NHJ,  equivalent  to  a  metal,  and  which  Mr.  Graham 
has  proposed  to  call  the  basyle  of  the  salt.  The  hydrated  acids  are 
regarded  merely  as  salts  of  hydrogen,  which  in  combination  com- 
ports itself  like  a  metal,  and  which,  for  aught  that  is  known  to  the 
contrary,  may  really  be  a  metallic  vapour. 

(456)  Sulpho-Salls. — The  preceding  remarks  have  been  made 
with  almost  exclusive  reference  to  those  salts  into  the  composition 
of  which  oxygen  enters.  There  is  however  a  numerous  series  of 
compounds  parallel  to  these  oxy-compounds,  but  in  which  sulphur 
enters  into  combination  with  the  metal ;  and  for  each  equivalent  of 
oxygen  in  the  series  of  the  oxy- salts  i  equivalent  of  sulphur  is 
substituted  in  the  corresponding  compound  in  the  sulphur  series. 
Generally  speaking  the  sulphur-salts  are  of  subordinate  importance  to 
the  oxy-compounds ;  they  are  often  decomposed  by  water,  and  have 
been  the  subject  of  much  less  study  and  research.  Many  chemists 
regard  these  compounds  as  salts  in  which  the  electro-positive  sul- 
phides, such  as  the  protosulphide  of  potassium,  &c.,  act  the  part 
of  bases ;  and  the  electro-negative  sulphides,  such  as  the  higher 
sulphides  of  arsenic  and  antimony,  act  as  acids. 

(4.') 7)  Varieties  of  Salts. — Salts  are  usually  spoken  of  as  neutral, 
acid,  or  basic ;  but  though  these  terms  are  in  general  use,  there  is 
some  ambiguity  in  the  manner  in  which  they  are  applied. 

(458)  Neutral  Salts. — The  idea  of  neutrality  implies  that  the 
peculiar  characters  of  the  acid  and  of  the  alkali  have  each  dis- 
appeared as  a  result  of  combination,  and  one  of  the  usual  means 
by  which  this  neutralization  in  properties  is  judged  of  consists  in 
observing  the  eftect  which  is  produced  upon  certain  vegetable  colours 
when  mixed  with  a  solution  of  the  salt. 

The  blue  colour  of  litmus,  for  example,  is  changed  to  red  by 
the  action  of  an  acid,  whilst  the  colour  of  litmus  reddened  by  an 
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acid  becomes  blue  if  it  be  mixed  with  an  alkali.  Tlie  yellow  colour 
of  turmeric  is  changed  to  brown  when  mixed  with  an  alkali^  but  the 
yellow  is  restored  if  the  alkali  be  caused  to  combine  with  an  acid. 
A  salt  which  affects  neither  the  blue  of  litmus  nor  the  yellow  of 
turmeric  is  said  to  have  a  neutral  reaction.  But  chemists  are  in 
the  habit  of  regarding  many  salts  as  neutral  in  composition  which 
are  not  neutral  in  their  action  upon  coloured  tests.  The  basic 
properties  of  different  metallic  oxides  vary  considerably  in  intensity. 
Equal  quantities  of  the  same  acid,  according  as  it  is  neutralized  by 
equivalent  quantities  of  a  weak  base  or  of  a  strong  one,  will  differ 
considerably  in  their  action  upon  coloured  tests ;  for  example,  54 
parts  of  nitric  acid  in  combination  with  47  parts  of  potash  furnish 
nitrate  of  potash,  which,  when  dissolved  in  water,  does  not  affect  the 
colour  either  of  blue  or  of  reddened  litmus  paper.  It  is,  therefore, 
neutral  in  its  reactions  upon  coloured  tests.  In  the  case  of  nitrate 
of  potash,  the  proportion  of  oxygen  in  the  potash  to  that  in  the 
nitric  acid  is  as  8  parts  to  40,  or  as  i  equivalent  is  to  5. 

Salts  of  nitric  acid  in  which  the  oxygen  of  the  base  bears  this 
proportion  to  that  in  the  acid,  are  regarded  as  neutral  in  composi- 
tion, whatever  may  be  their  action  on  vegetable  colours.  Now  if 
the  same  proportion  of  nitric  acid  be  caused  to  combine  with  an 
equivalent  of  oxide  of  lead,  112  parts  of  oxide  of  lead  will  combine 
with  the  54  of  nitric  acid,  and  will  form  a  salt  in  which,  as  in  nitrate 
of  potash,  I  equivalent  of  oxygen  is  present  in  the  base  for  every  5 
equivalents  of  oxygen  in  the  acid.  This  salt,  therefore,  is  neutral 
in  composition,  though  if  dissolved  in  water  it  reddens  litmus,  and 
has  an  acid  reaction. 

The  change  in  the  tint  of  the  coloured  test  is  therefore  not  to 
be  regarded  as  an  absolute  proof  of  neutrality  or  acidity  in  a  salt. 
The  change  of  colour  which  the  litmus  experiences,  even  from  a  salt 
of  neutral  composition,  is  readily  explained.  Blue  litmus  is  itself  a 
species  of  salt,  resulting  from  the  combination  of  an  alkaline  or 
earthy  base  with  a  feeble  vegetable  acid  which  is  naturally  of  a  red 
colour,  but  which  becomes  blue  when  it  is  neutralized  by  an  alkali. 
When  a  powerful  acid,  such  as  the  nitric  or  sulphuric,  is  mixed 
with  this  blue  colouring  matter,  the  strong  acid  seizes  upon  the 
base  which  the  litmus  contains,  and  displaces  the  litmus  acid  which 
appears  of  its  natural  red  hue ;  but  on  the  addition  of  an  alkali, 
the  blue  is  restored  by  the  combination  of  the  newly  added  base 
with  the  litmus  acid.  Again,  if  a  salt  with  a  strong  acid  and  a 
comparatively  feeble  base  be  mixed  with  the  blue  litmus,  the  strong 
acid  of  the  salt  seizes  upon  part  of  the  base  which  is  in  combination 
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with  the  litmus,  and  liberates  the  litmus  acid,  which  appears  of  a 
more  or  less  intense  red,  according  as  the  base  of  the  neutral  salt 
has  given  up  more  or  less  of  its  acid. 

For  analogous  reasons  it  sometimes  happens  that  a  salt  which 
is  neutral  in  composition  may  exhibit  characters  in  which  the  base 
preponderates  to  a  greater  or  less  extent.  Carbonate  of  potash, 
(KO,  CO2),  is  neutral  in  composition,  but  it  appears  to  be  basic  in 
its  action  upon  the  yellow  colour  of  turmeric  paper,  which  it  renders 
powerfully  brown,  and  it  immediately  restores  the  blue  tinge  to 
reddened  litmus. 

The  three  salts  which  have  just  been  cited  to  illustrate  these 
points  are  all  of  them  instances  of  the  most  usual  form  of  salt,  in 
which  I  equivalent  of  a  protoxide  is  united  with  1  equivalent  of 
an  acid  to  form  the  neutral  salt.  But  salts  exist  in  which  the  base 
consists  of  a  sesquioxide,  and  in  such  cases  3  equivalents  of  the 
acid  are  needed  to  i  of  the  base  in  order  to  produce  a  salt 
which  is  neutral  in  composition. 

The  sulphates  will  afford  a  good  illustration  of  these  modes 
of  combination.  A  neutral  sulphate  of  a  protoxide,  such  as  sul- 
phate of  potash  (KO,  SO3),  requires  i  equivalent  of  oxygen  in  the 
base  to  3  equivalents  of  oxygen  in  the  acid ;  and  contains  i  equi- 
valent of  acid  to  each  equivalent  of  the  base. 

But  in  the  case  of  a  sesquioxide,  such  as  alumina,  AI2O3,  3 
equivalents  of  acid  are  combined  with  each  equivalent  of  alumina 
in  order  to  form  the  neutral  sulphate  of  this  base,  AI2O3,  3  SO3; 
and  the  neutral  sulphate  of  peroxide  of  iron  (re203,  3  SO3)  has  a 
similar  composition  :  in  salts  of  this  kind,  however,  the  rule  is  still 
observed,  that  the  number  of  equivalents  of  oxygen  in  the  base  is 
to  that  of  those  in  the  acid  as  i  to  3.  The  sulphate  of  alumina 
and  the  persulphate  of  iron  not  only  redden  litmus  paper  power- 
fully, but  they  have  an  acid  as  well  as  an  astringent  taste.* 

(459)  Acid  Salts. — If  a  quantity  of  oxalic  acid  be  divided  into 
two  equal  portions,  one  of  which  is  dissolved  in  water,  and  mixed 


*  The  tendency  of  the  sesquioxides  to  require  so  large  a  proportion  of 
acid  has  been  supposed  to  afford  another  argument  in  favour  of  the  binary 
theory  of  salts,  it  will  be  seen  that  the  composition  of  the  neutral  persulphates 
readily  admits  of  being  represented  upon  the  binary  view  in  harmony  with 
the  sulphates  of  the  protoxides.  Svdphate  of  peroxide  of  iron,  for  example, 
(FeaOg,  3SO3)  might  be  written  (Fl\,  3  SOJ.  This  argument,  however,  is 
entitled  to  but  little  weight,  as  many  salts  of  the  sesquioxides  are  known  in 
w  hich  the  proportion  of  the  acid  is  less  than  in  these  instances  ;  and,  indeed, 
both  alumina  and  peroxide  of  iron  form,  with  sulphuric  acid,  soluble  com- 
pounds, which  contain  but  i  equivalent  each  of  acid  and  of  base. 
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with  a  solution  of  potash  until  the  liquid  becomes  neutral  in  its 
reaction  upon  litmus^  a  salt  is  formed  which,  on  evaporation,  may 
be  obtained  crystallized  in  six-sided  prisms,  which  consists  of  the 
neutral  oxalate  of  potash  (KO,  C2O3  H-  HO).  If  this  salt  be  re- 
dissolved  in  water,  and  the  second  portion  of  oxalic  acid  be  added 
to  it,  chemical  union  will  occur ;  the  resulting  liquid  will  be  found 
to  have  a  sour  taste,  to  redden  litmus  powerfully,  and  on  evaporation 
to  yield  a  new  salt,  which  crystallizes  in  rhomboidal  prisms,  con- 
taining exactly  twice  as  much  acid  as  the  first  salt;  this  is  the 
binoxalate,  or  acid  oxalate,  of  potash  (KO,  HO,  %  (0203)4-2  HO). 

Again,  if  the  neutral  sulphate  of  potash  (KO,  SO3)  be  dissolved 
in  hot  sulphuric  acid,  tabular  plates  of  a  new,  fusible,  and  strongly 
acid  salt  will  crystallize  out  as  the  liquid  cools,  and  the  bisul- 
phate  of  potash  will  be  formed  (KO,  HO,  2  SO3).  This  salt  con- 
tains, for  each  equivalent  of  oxygen  in  the  potash,  6  equivalents 
of  oxygen  in  the  acid,  or  double  the  amount  which  is  present  in 
the  neutral  sulphate.  If  an  attempt  be  made  to  form  a  similar 
salt  by  dissolving  nitrate  of  potash  in  nitric  acid,  the  experiment 
will  fail,  for  the  nitre  will  be  found  to  crystallize  out  unchanged. 

It  is  thus  apparent  that  in  certain  cases  the  acid  combines 
with  the  base  in  two  proportions,  in  others  it  refuses  to  do  so  in 
more  than  one. 

It  usually  happens  that  acid  salts  contain,  in  addition  to  the 
acid  and  base,  a  certain  quantity  of  water,  as  occurs  for  instance 
in  the  bisulphate  and  the  binoxalate  of  potash.  This  water  is  by 
no  means  an  unimportant  constituent,  as  it  takes  the  place  of  the 
metallic  oxide  on  these  occasions :  and  it  is  because  the  basic  pro- 
perties of  water  are  so  feeble,  that  the  acid  character  predominates 
to  so  great  a  degree  in  such  salts. 

(460)  Polybasic  Acids. — The  formation  of  some  kinds  of  acid 
salts  may  be  elucidated  by  the  following  considerations.  Most  of 
the  inorganic  acids  combine  with  bases  in  such  a  manner  that  i 
equivalent  of  the  acid  is  united  with  i  equivalent  of  metallic  oxide, 
so  that  they  may  be  termed  monobasic  acids.  Of  this  class  of  acids 
the  nitric  is  a  good  example. 

Certain  acids,  however,  of  which  an  instance  has  already  pre- 
sented itself  in  the  pyrophosphoric,  possess  the  power  of  combining 
with  2  equivalents  of  base,  and  are  hence  termed  dibasic.  Nume- 
rous acids  of  this  class  are  found  among  those  obtained  from  the 
vegetable  and  the  animal  kingdoms ;  tartaric  acid  and  malic  acid 
are  examples  of  this  kind. 

The   common  phosphoric  acid   contained   in   the   crystallized 
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phosphate  of  soda  of  commerce,  is  the  representative  of  a  third  class 
of  acids,  which  combine  with  3  equivalents  of  base,  and  are  hence 
termed  tribasic. 

There  are  many  organic  acids  which  belong  to  this  class ;  the 
citric  furnishes  a  good  instance.  It  is  not  necessary  that  the 
two  or  the  three  equivalents  of  base  which  the  salts  of  the  dibasic 
or  tribasic  acids  contain  should  consist  of  the  same  metallic  oxide. 
Indeed,  it  has  already  been  shown,  in  the  case  of  the  various  phos- 
phates, that  several  bases  may  coexist  in  the  same  salt,  in  definite 
proportions.  There  is,  for  example,  a  pyrophosphate  of  soda  and 
water,  composed  of  NaO,  HO,  PO5,  in  which  i  equivalent  of  hy- 
drogen supplies  the  part  of  i  equivalent  of  sodium;  and  in  the 
microcosmic  salt  (NaO,  NH^O,  HO,  PO5  +  8  HO)  we  have  a  tribasic 
phosphate  of  soda,  oxide  of  ammonium,  and  water,  where  each  of 
the  3  equivalents  of  base  differs  from  the  others.  It  is  worthy  of 
remark  that,  in  the  salt  last  named,  two  of  these  bases,  viz.,  soda 
and  oxide  of  ammonium,  are  isomorphous. 

Now  it  frequently  happens,  as  in  microcosmic  salt,  that  water 
is  one  of  the  bases  present  in  the  salt,  and,  when  such  is  the  case, 
the  salt,  when  dissolved  in  water,  often  has  a  sour  taste,  and 
strongly  reddens  litmus  paper.  One  of  the  most  common  varieties 
of  what  are  termed  acid  salts  is  thus  formed.  Cream  of  tartar, 
or,  as  it  is  often  called,  bitartrate  of  potash,  offers  a  good  illus- 
tration of  this  kind  of  salt. 

Cream  of  tartar  is  a  sparingly  soluble  crystallizable  compound,  of 
an  agreeable  acidulous  taste,  which  consists  of  HO,  KO,  CgH^O^o, 
being,  in  fact,  a  dibasic  tartrate  of  potash  and  water ;  if  now  it  be 
dissolved  in  hot  water,  and  another  equivalent  of  potash  be  added, 
the  water  is  displaced  by  the  second  equivalent  of  potash,  all  the 
acid  taste  disappears,  and  neutral  tartrate  of  potash  (2  KO,C8H40io), 
a  salt,  no  longer  affecting  the  colour  either  of  litmus  or  of  turmeric 
I)aper,  is  produced.  An  equivalent  quantity  of  carbonate  of  potash 
may  be  substituted  for  caustic  potash  with  equal  effect,  as  it  will 
be  decomposed,  and  the  carbonic  acid  will  be  expelled  with  effer- 
vescence. Carbonate  of  soda  miy  be  substituted  for  the  carbonate 
of  potash,  but  in  this  case  a  different  salt,  known  as  Rochelle  salt, 
the  tartrate  of  soda  and  potash,  wiU  be  formed,  (KO,  NaO, 
CgH^Oio+ioaq). 

Acid  salts,  however,  though  generally  formed,  like  cream  of 
tartar,  from  a  dibasic  acid  with  which  i  equivalent  only  of  a 
powerful  base  has  combined,  the  place  of  the  second  equivalent 
being  supplied  by  an  equivalent  of  water,  are   not  always  so  pro- 
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duced.  A  bisulpliate  of  potash,  which  is  anhydrous,  may  be 
obtained  (KO,  2  SO3) ;  and  bichromate  of  potash  always  occurs  in 
the  anhydrous  form.  Mr.  Graham  has  endeavoured  to  account  for 
the  formation  of  some  other  acid  salts  in  a  different  manner,  which 
will  be  noticed  presently. 

(461)  Double  Salts. — The  description  of  these  polybasic  acids 
has  presented  us  with  certain  cases  in  which  double  salts  are 
formed.  There  are  several  varieties  of  double  salts.  The  most 
common  are  those  which  are  produced  by  the  union  of  two  dis- 
similar bases  with  the  same  acid.  These  varieties,  however,  are 
confined  within  certain  limits.  It  is  not  possible  to  form  double 
salts  ad  libitum,  by  bringing  2  equivalents  of  any  acid  in  contact  with 
I  equivalent  each  of  any  two  bases.  Chemists  assume  that  when 
two  isomorphous  bases,  such  as  soda  and  potash,  combine  with  the 
same  acid  in  the  proportion  of  i  equivalent  of  each  base  to  form  a 
double  salt  (like  Rochelle  salt),  the  acid  in  question  is  dibasic. 
The  larger  number  of  double  salts  which  have  been  produced  are 
thus  formed  by  the  combination  of  different  bases  with  polybasic 
acids. 

The  formation  of  another  remarkable  series  of  double  salts,  par- 
ticularly investigated  by  Graham,  appears  to  be  directly  connected 
with  the  mode  in  which  water  attaches  itself  to  certain  salts.  In 
most  cases  the  water  of  crystallization  may  be  expelled  from  a  salt 
by  exposing  it  to  a  temperature  not  exceeding  2 1 2°.  This,  however, 
does  not  always  happen  :  sometimes  all  the  water  of  crystallization 
may  thus  be  expelled  with  the  exception  of  a  single  equivalent, 
which  requires  a  much  higher  heat  for  its  expulsion,  although  in 
these  cases  it  does  not  appear  to  act  in  any  degree  as  a  base.  Under 
these  circumstances  it  was  found  that  this  last  equivalent  of  water 
might  readily  be  displaced  by  adding  to  the  salt  an  equivalent  of 
certain  anhydrous  salts.  An  excellent  illustration  of  such  a 
method  of  the  formation  of  double  salts  is  afforded  in  the  case  of 
a  certain  class  of  the  sulphates.  All  the  sulphates  of  bases  isomor- 
phous with  magnesia  are  capable  of  forming  double  salts  of  this 
nature  with  some  anhydrous  sulphate  not  isomorphous  with  this 
class,  such,  for  instance,  as  the  sulphate  of  potash. 

When  sulphate  of  magnesia  (MgO,  SO3,  HO,  6  aq)  is  heated 
to  212°,  six  out  of  its  seven  equivalents  of  water  are  expelled,  but 
the  seventh  equivalent  is  retained  until  the  temperature  is  raised 
considerably.  If,  however,  an  equivalent  of  sulphate  of  mag- 
nesia and  an  equivalent  of  sulphate  of  potash  be  separately  dis- 
solved in  water,  mixed  while  hot,  and  allowed  to  crystallize,  a  new 
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double  salt  (MgO^SOy  +  KO,  SO3  +  6  aq)  is  deposited,  having 
the  same  crystalline  form  as  sulphate  of  magnesia,  but  it  contains 
only  6  equivalents  of  water  of  crystallization.  The  seventh  equiva- 
lent has  been  displaced  by  the  sulphate  of  potash,  and  has  hence 
been  termed,  by  Graham,  constitutional,  or  saline  water. 

A  similar  substitution  takes  place  with  sulphuric  acid  itself,  or 
sulphate  of  water;  when  diluted  till  of  the  specific  gravity  oi  i"j8, 
it  consists  of  HO,  SO3  +  HO ;  and  from  the  circumstance  of  its 
readily  forming  well-defined  crystals  when  cooled  to  a  temperature 
of  40°  F.,  it  is  often  termed  glacial  sulphuric  acid :  this  compound 
consists  of  I  equivalent  of  sulphate  of  water  with  i  equivalent  of 
saline  water.  If  a  solution  of  sulphate  of  potash  be  added  to  this 
glacial  acid,  the  liquid,  when  evaporated,  yields  the  well  known 
salt,  bisulphate  of  potash.  This  compound,  consisting  of  sulphate 
of  water  and  sulphate  of  potash,  may  be  regarded  as  a  double  salt, 
in  which  the  sulphate  of  potash  has  displaced  the  saline  water  from 
the  glacial  acid;  KO,  SO3  +  HO,  SO3,  HO  =  HO  -f-  (HO,  SO3  + 
KO,  SO3)  :  the  water  in  the  bisulphate  is  in  the  form  of  basic 
water.  It  is  by  the  union  of  the  hydrated  acid  with  a  metallic 
salt  that  acid  salts  in  general  are  formed.  The  bicarbonates, 
binoxalates,  and  many  other  similar  compounds,  prove  on  exami- 
nation, not  to  be  mere  salts  with  excess  of  acid,  but  true  double 
salts  of  this  class,  analogous  to  neutral  salts  in  composition. 
Bicarbonate  of  potash,  for  instance,  may  be  represented  as  thus 
constituted:  KO,  COg  +  HO,  CO2;  and  binoxalate  of  potash, 
KO,  C2O3  -I-  HO,  C2O3  +  2  aq.  As  already  mentioned,  double 
salts  of  this  kind  are  never  formed  by  two  isomorphous  bases. 

There  is  another  well-known  variety  of  double  salts,  in  which 
it  is  not  necessary  that  the  component  salts  should  contain  similar 
oxides,  or  even  a  similar  number  of  equivalents  of  the  radicle  of  the 
acid.  In  this  way  sulphates  of  sesquioxides  often  unite  with  the 
sulphates  of  protoxides  to  form  well-characterized  double  salts;  a 
striking  example  of  this  kind  is  afibrded  in  the  important  tribe  of 
alums.  Common  alum  consists  of  i  equivalent  of  sulphate  of 
potash  and  i  equivalent  of  ses  qui  sulphate  of  alumina  with  water  of 
crystallization  (KO,  SO3  +  AlgOg,  3  SO3  -H  24  aq) ;  and  numerous 
other  salts,  having  the  same  crystalline  form,  and  of  similar  com- 
position, might  be  mentioned. 

There  are  a  few  instances  of  two  difierent  acids  being  united 
to  one  base,  but  they  are  neither  sufficiently  numerous  nor  im- 
portant to  merit  lengthened  notice,  and  are  more  frequently 
met  with  among  natm'al,  than  artificial  combinations. 
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Instances  are  common  in  which  two  different  haloid  salts 
miite  with  each  other;  compounds  of  this  description  are  most 
usual  between  the  chlorides,  iodides,  and  bromides  of  the  less  oxi- 
dizable  metals  with  those  of  the  metals  contained  in  the  alkalies 
and  earths :  the  double  chloride  of  platinum  and  potassium 
(KCl,  PtClg),  and  the  double  iodide  of  mercury  and  potassium 
(KI,  Hgl),  are  good  instances  of  such  compounds.  Bonsdorff 
proposed  to  consider  these  compounds  in  the  light  of  salts  in 
which  the  chloride  or  iodide  of  the  electro-negative  metal  (pla- 
tinum, gold,  &c.,)  acted  the  part  of  an  acid  towards  the  electro- 
positive chloride  (chloride  of  potassium,  sodium,  &c.)  ;  but  this 
view  is  not  tenable.  Such  salts  are  never  resolved  by  electric 
action  into  their  constituent  chlorides,  and  the  acid  reaction  of 
the  higher  chlorides  is  not  neutralized  or  modified  by  combination 
with  the  chlorides  of  the  alkaline  metals ;  in  fact^  the  constituent 
chlorides  themselves  are  salts. 

Many  double  salts  may  be  formed  by  fusion  with  each  other, 
although  if  the  attempt  be  made  to  crystallize  them  from  a  solu- 
tion containing  equivalent  quantities  of  the  two  salts,  the  attempt 
is  unsuccessful.  Chloride  of  sodium,  for  example,  may  be  melted 
with  an  equivalent  amount  of  chloride  of  calcium,  of  strontium, 
or  of  barium ;  and  in  either  case  a  compound  salt  is  obtained, 
which  has  a  much  lower  fusing  point  than  either  of  the  chlorides 
separately,  but  the  double  salt  is  decomposed  when  it  is  dissolved 
in  water. 

(462)  Subsalts. — A  very  different  series  of  saline  compounds 
still  remains  for  consideration,  and  in  these  the  proportion  of 
base  predominates  over  that  of  the  acid ;  they  are  usually  desig- 
nated subsalts.  The  theory  of  the  formation  of  these  compounds 
is  very  imperfect.  In  certain  cases  the  formation  of  a  subsalt 
admits  of  the  explanation  offered  by  Mr.  Graham.  He  assumes 
that  a  portion  of  the  water  of  crystallization  of  the  neutral  salt  has 
been  displaced  by  a  basic  metallic  oxide.  It  is  a  well  known  fact 
that  in  analogous  compounds,  isomorphous  bodies  are  frequently 
found  displacing  each  other  in  composition.  The  nitrates  of 
copper  offer  an  example  of  this  kind  of  displacement. 

Nitric  acid  of  specific  gravity  1*42  (which  may  be  distilled 
without  undergoing  change)  consists  of  i  equivalent  of  the  proto- 
hydrate  with  3  equivalents  of  water,  which  correspond  to  the  water 
of  crystallization  in  a  salt  (HO,  NO5,  3aqj. — Nitrate  of  copper  con- 
tains an  equal  number  of  equivalents  of  water  of  crystallization,  CuO, 
NO5,  3  aq.    But  there  is  also  a  subnitrate  of  copper,  which  represents 
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the  nitrate  of  copper,  in  which  the  3  equivalents  of  water  of  crystal- 
lization are  displaced  by  3  equivalents  of  hydrated  oxide  of  copper, 
CuO,  NO5,  3  (CuO,  HO),  a  green  compound  which  is  left  in  the 
form  of  an  insoluble  powder,  when  the  neutral  nitrate  of  copper  is 
partially  decomposed  by  a  heat  of  about  400°  F. 

Water  may  be  displaced  not  only  from  saline  combinations  by 
metallic  oxides,  but  may  be  removed  from  certain  organic  compounds 
by  oxides  which  take  its  place.  For  example,  a  compound  of  sugar 
with  oxide  of  lead,  CjgHgOg  +  2  PbO,  may  be  formed  from  cane 
sugar  (C12H9O9,  2  aq)  by  boiling  it  with  litharge  ;  and  on  suspending 
this  new  compound  in  water,  and  removing  the  lead  by  means  of 
sulphuretted  hydrogen,  the  original  quantity  of  water  is  restored, 
and  the  sugar  is  recovered  with  its  characteristic  properties; 
2  HS  +  C12H9O9,  2  PbO  =  2  PbS  +  (Ci2H909  2  HO). 

The  formation  of  many  subsalts,  however,  is  not  explicahle  in 
this  manner.  Nitrate  of  lead,  for  example,  crystallizes  in  anhydrous 
octohedra ;  but  a  crystallized  dinitrate  of  lead  may  be  obtained,  con- 
sisting of  (2  PbO,  NO5  +  2  aq) ;  and  a  trisnitrate  and  hexanitrate  of 
lead  have  also  been  obtained  by  Berzelius.  In  these  cases  the  oxide 
of  lead  cannot  be  said  to  have  taken  the  place  of  the  water  of 
crystallization  of  the  neutral  salt.  All  that  can  be  said,  is  that 
in  such  cases  the  metallic  oxide  attaches  itself  to  the  neutral  salt 
in  a  manner  analogous  to  that  in  which  water  of  crystallization 
does  in  other  instances. 

The  tendency  to  the  formation  of  subsalts  is  limited  to  certain 
acids  and  bases  :  sulphuric,  nitric,  carbonic  and  acetic  acids,  and 
the  oxides  of  copper,  of  lead,  of  mercury,  and  of  zinc,  are  the 
most  remarkable  in  this  respect. 

(463)  A  class  of  compounds  which  resemble  the  subsalts  more 
than  any  others,  is  presented  to  us  in  the  bodies  termed  oxychlorides, 
oxyiodides,  and  oxy cyanides.  In  these  compounds,  one  equivalent 
of  the  chloride,  of  the  iodide,  or  of  the  cyanide  of  a  metal  is  united 
with  one  or  more  equivalents  of  the  oxide  of  the  same  metal. 
Turner's  yellow,  which  is  an  oxy  chloride  of  lead  (PbCl,  7  PbO), 
is  a  well  known  commercial  article  belonging  to  this  class.  Such 
combinations  usually  occur  in  the  case  of  chlorides  or  iodides 
which  never  form  any  but  anhydrous  crystals,  and  which  con- 
sequently cannot  be  supposed  to  take  up  an  oxide  as  a  substitute 
for  water  of  crystallization  :  any  satisfactory  theory  of  the  class 
of  subsalts  must  also  account  for  the  formation  of  compounds 
of  this  kind.  There  is,  indeed,  much  in  the  chemical  nature  of 
such  compounds  that  requires  further  investigation. 
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Some  salts  enter  into  combination  with  other  bodies^  and  form 
compounds  which  are  in  many  respects  anomalous  ;  such  for  instance 
are  the  compounds  of  ammonia  with  many  dry  salts  :  2  equivalents 
of  chloride  of  silver  will  in  this  manner  absorb  3  equivalents  of 
ammonia.      Many  of  the  salts  of  copper  exhibit  a  similar  power. 


CHAPTER  XI. 

GROUP  I. METALS  OF  THE  ALKALIES. 

§  I.  Potassium. 
Symbol  K;  Equivalent,  38-96;  Specific  Gravity ,  0-865. 

Native  Compounds  which  contain  Potash. 

Alum  .  .  .  KO,  SO3  +  AI2O3,  3  SO3  +  34  aq. 
Felspar  .  .  .  (K  Na)  O,  3  SiOg  +  AI2O3,  3  SiOa- 
Biaxal  mica      .      KO,  3  Si02  +  3  [(^1  ^^)2,  O3,  SiOg] 

(464)  Symbols  of  mixtures  of  Isomorphous  Compounds. — The 
formulae  employed  above  for  felspar  and  mica  require  explanation^ 
as  the  principle  of  notation  adopted  in  these  cases  will  be  applied 
hereafter  to  the  formulae  of  a  large  number  of  minerals. 

It  often  happens  that  isomorphous  bases  displace  each  other 
in  the  same  mineral  without  altering  its  form  or  mineralo- 
gical  characters^  or  even  without  altering  its  general  chemical 
formula.  Mica,  for  example,  may  be  regarded  as  a  compound  of 
I  equivalent  of  a  silicate  of  a  protoxide  of  a  metal  with  3  equi- 
valents of  a  different  silicate  of  a  sesquioxide  of  a  different  metal. 
Let  M  stand  for  the  metallic  base  of  the  protoxide,  n,  for  the 
metallic  base  of  the  sesquioxide ;  the  general  formula  for  mica  may 
then  be  expressed  thus  : — 

Mica  =  MO,  3  SiOa  +  3  (NA.  SiOa). 
Now  the  components  of  potash-mica  are  principally  silicate  of  potash 
and  silicate  of  alumina,  the  potash  being  the  metallic  protoxide  and 
the  alumina  being  the  metallic  sesquioxide ;  but  sesquioxide  of  iron, 
sesquioxide  of  manganese,  and  sesquioxide  of  chrome,  are  also  iso- 
morphous with  alumina,  and  these  compounds  frequently  displace  a 
portion  of  the  alumina  in  combination ;  and  this  is  especially  the  case 
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with  the  sesquioxide  of  iron.  The  peculiarity  of  isornorphous  bases, 
when  they  displace  each  other,  is  this,  that  the  displacement  is 
liable  to  occur  in  any  possible  proportion ;  for  example,  in  diffe- 
rent specimens  of  mica  the  relative  proportions  of  iron  and  alumi- 
num are  liable  to  great  variations ;  indeed^  they  may  vary  indefi- 
nitely in  amount,  provided  only  that  the  quantity  of  the  two 
metals  taken  together  in  any  one  specimen  furnishes  such  a  pro- 
portion of  a  metallic  sesquioxide  as  is  equivalent  to  the  silica  in 
that  portion  of  the  mineral :  that  is  to  say,  that  the  two  equiva- 
lents of  metal  required  for  combination  with  the  3  equivalents  of 
oxygen  in  the  sesquioxide,  may  either  consist  wholly  of  aluminum,  or 
a  small  but  indefinite  proportion  of  the  aluminum  may  have  its  place 
supplied  by  a  small  but  equivalent  quantity  of  iron,  or  a  large  pro- 
portion of  the  aluminum  may  have  its  place  supplied  by  a  corre- 
sponding and  equivalent  proportion  of  iron. 

Now  the  method  of  notation  adopted  in  the  preceding  formulae 
is  employed  to  indicate  precisely  this — that  the  proportions  of  the 
two  or  more  metals,  the  symbols  of  which  are  bracketed  together, 
thus,  (AlFeMn)2,03,  are  liable  to  vary  within  any  conceivable 
limits,  provided  that  the  united  amount  of  all  the  metals  so 
bracketed  be  exactly  sufficient  to  form  a  true  sesquioxide  with  the 
three  equivalents  of  oxygen. 

In  like  manner  in  the  case  of  the  potash  in  felspar,  part  of  the 
potassium  may  have  its  place  supplied  by  sodium,  or  by  calcium ; 
but  the  proportions  of  the  two  taken  together  require  exactly  the 
same  amount  of  oxygen,  and  consequently  satiu-ate  the  same  pro- 
portion of  silicic  acid  that  i  equivalent  of  potash  alone  would 
have  required. 

This  frequent  partial  displacement  of  one  isornorphous  base  by 
another  in  native  crystallized  minerals,  renders  much  caution 
necessary  in  interpreting  the  results  of  an  analysis.  The  difficulty 
of  fixing  the  formula  of  a  mineral  of  course  increases  with  the 
complexity  of  its  composition,  and  it  is  with  the  silicates  especially 
that  these  difficulties  are  experienced.  It  is  usual,  when  the 
analytical  operations  are  completed,  to  ascertain  the  proportion  of 
oxygen  in  the  silicic  acid,  then  the  proportion  of  oxygen  contained 
in  the  sesquioxides,  and  lastly  the  quantity  of  oxygen  in  the  prot- 
oxides; because,  however  much  the  proportions  of  the  different 
metals  may  vary  in  different  specimens  of  the  same  mineral,  the 
ratio  of  the  oxygen  in  both  sets  of  bases  to  the  oxygen  in  the 
silicic  acid  remains  uniform.  In  felspar,  for  instance,  the  pro- 
portion of  oxygen  in  the  silicic  acid  is  12,  in  the  sesquioxide  of 
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aluminum  it  is   3^,  and  in  the  protoxide  of  potassium  or  sodium 
it  is  I. 

(465)  Potassium. — This  remarkable  metal  was  discovered  by 
Sir  H.  Davy_,  in  the  year  1807,  and  its  isolation  marks  an  important 
era  in  the  progress  of  philosophical  chemistry.  The  alkalies  and 
the  earths  had  long  been  suspected  to  be  compound  bodies,  but  up 
to  that  period  they  had  resisted  all  attempts  to  decompose  them. 
When  once  potassium,  however,  had  been  separated  from  its  com- 
pounds, and  potash  had  been  proved  to  be  an  oxide  of  this  metal, 
the  decomposition  of  the  other  alkalies  and  earths  followed  as  a 
necessary  consequence  :  more  correct  ideas  upon  fundamental  points 
of  chemical  theory  were  introduced ;  new  methods  of  research  were 
placed  within  reach  of  the  analytical  chemist,  and  potassium  itself, 
from  its  powerful  affinity  for  oxygen,  became  an  important  addition 
to  the  reagents  of  the  laboratory. 

Properties. — Potassium  is  a  silver- white  metal,  which  is  brittle, 
and  has  a  crystalline  fracture  at  32^  P.;  at  temperatures  a  little 
above  this  it  is  malleable ;  at  60°  it  is  soft ;  as  the  temperature  rises 
it  becomes  pasty,  and  at  130°  it  is  completely  liquid.  Whilst  in  the 
soft  condition,  two  clean  surfaces  of  the  metal  admit  of  being 
welded  togethej-  like  iron ;  at  a  red  heat  it  may  be  distilled,  and  it 
yields  a  beautiful  green  vapour.  Potassium  is  light  enough  to  float 
in  water,  having  a  specific  gravity  of  only  o*865.  If  exposed  to  the 
air,  even  for  a  few  minutes  only,  it  becomes  covered  with  a  film  of 
oxide  :  when  heated  to  its  point  of  volatilization  it  bursts  into 
flame,  and  burns  with  great  violence.  The  powerful  attraction  of 
potassium  for  oxygen  is  seen  on  throwing  the  metal  into  water,  in 
which  case  part  of  the  water  is  immediately  decomposed  ;  its  oxygen 
combines  with  the  potassium  and  forms  potash,  while  the  escaping 
hydrogen  carries  with  it  a  small  portion  of  the  volatilized  metal, 
and  taking  fire  from  the  heat  evolved,  burns  with  a  beautiful 
rose-red  flame;  the  metal  melts  and  swims  about  rapidly  upon 
the  water,  and  finally  disappears  with  an  explosive  burst  of 
steam,  as  the  globule  of  melted  potash  which  is  formed  by  its 
oxidation  becomes  sufficiently  cool  to  come  into  contact  with 
the  water.  Potassium  decomposes  nearly  all  gases  which  contain 
oxygen,  if  it  be  heated  in  contact  with  them  ;  and  at  a  high  tempe- 
rature it  will  remove  oxygen  from  almost  all  bodies  into  the  con- 
stitution of  which  it  enters.  It  becomes  necessary  therefore  to 
preserve  the  metal  either  in  exhausted  hermetically  sealed  glass 
tubes,  or  under  the  surface  of  some  liquid,  like  naphtha,  "which  does 
not  contain  oxygen.  At  a  heat  short  of  redness  potassium  absorbs 
hydrogen,  and  becomes  converted  into  a  greyish  mass.      It  likewise 
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absorbs  carbonic  oxide  with  facility  when  heated  moderately  in  it_,  or 
when  the  vapour  of  potassium  is  allowed  slowly  to  condense  in  an 
atmosphere  of  the  gas,  and  a  black  mass  is  formed  from  which  the 
metal  cannot  be  recovered,  and  which  often  occasions  considerable 
waste  in  the  ordinary  method  of  preparing  potassium. 

(466)  Preparation. — Potassium  was  originally  obtained  by  Sir 
H.  Davy,  by  decomposing  a  fragment  of  hydrate  of  potash  (which 
had  become  slightly  moistened  upon  its  surface  by  exposure  to  the 
air  for  a  few  minutes)  by  the  current  of  a  voltaic  battery  of  200  or 
250  pairs  of  six-inch  plates,  on  Wollaston's  construction.  The  dry 
hydrate  is  an  insulator,  but  a  trace  of  moisture  confers  upon  it  a 
sufficient  degree  of  conducting  power :  under  such  circumstances 
globules  of  metallic  potassium  separate  at  the  negative  wire,  and 
may  be  preserved  under  naphtha.  They  burn  vividly  in  air,  leaving 
an  intensely  alkaline  residue.  This  method  of  procuring  the  metal, 
however,  furnishes  it  only  in  very  small  quantity,  and  is  difficult 
and  expensive. 

Gay  Lussac  and  Thenard,  in  1808,  invented  a  method  by  which 
potassium  may  be  obtained  by  purely  chemical  means  in  greater 
abundance.  Iron  turnings  were  heated  to  whiteness  in  a  curved 
gun-barrel,  which  was  covered  with  a  clay  lute,  to  preserve  it  from 
the  action  of  the  air  at  a  high  temperature,  and  melted  hydrate  of 
potash  was  allowed  slowly  to  pass  over  the  ignited  iron ;  decompo- 
sition ensued,  the  iron  combined  with  the  oxygen  both  of  the 
potash  and  of  the  water,  and  potassium  along  with  hydrogen  passed 
forwards,  the  potassium  condensing  in  a  copper  receiver  which  was 
kept  cool. 

The  process,  however,  by  which  potassium  is  now  obtained  con- 
sists in  decomposing  the  carbonate  of  potash  by  charcoal,  a  plan 
originally  invented  by  M.  Curaudau,  and  improved  by  Brunner. 
This  operation  has  recently  been  carefully  studied  by  MM.  Donny 
and  Mareska  {Ann.  de  Chimie,  III.  xxxv.  144).  In  order  to  ensure 
a  successful  result,  attention  to  a  number  of  minute  precautions  is 
requisite.  The  material  which  is  best  adapted  to  this  purpose  is 
the  potash  salt  of  some  vegetable  acid,  which,  when  decomposed  by 
heat  in  a  vessel  from  which  air  is  excluded,  leaves  a  large  quantity 
of  carbon.  For  this  purpose  the  acid  tartrate  of  potash,  or  crude 
tartar,  is  preferred.  About  six  pounds  of  this  substance  is 
placed  in  a  capacious  iron  crucible  furnished  with  a  cover,  and 
ignited  till  it  ceases  to  emit  combustible  vapours.  A  porous  mass 
of  carbonate  of  potash,  intimately  mixed  with  very  finely  divided 
carbon,  is  thus  obtained  :  this  is  rapidly  cooled  by  moistening 
the  exterior  of  the   crucible  with  cold  water ;  the   charred  mass. 
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when  cold,  is  broken  up  into  lumps  about  the  size  of  a  hazel-nut, 
and  quickly  introduced  into  a  wrought  iron  retort.  This  retort 
is  usually  made  of  one  of  the  iron  bottles  in  which  mercury  is 
imported  ;  it  is  introduced  into  a  furnace,  a,  as  shown  at  b,  fig.  288, 
and  placed  horizontally  upon  supports  of  fire  brick,//;  a  wrought 

Fig.  288. 


iron  tube,  d,  four  inches  long,  serves  to  convey  the  vapours  of 
potassium  produced  during  the  distillation  into  a  receiver,  e,  which 
it  is  found  most  advantageous  to  construct  of  the  form  shown 
separately  in  fig.  289.  It  consists  of  two  pieces  of  wrought  iron, 
a,  b,  which  fit  closely  to  each  other,  so  as  to  form  a  shallow  box 
only  a  quarter  of  an  inch  deep,  and  are  confined  in  their  places  by 
clamp  screws :  the  iron  plate  should  be  one-sixth  of  an  inch  thick, 
twelve  inches  long,  and  five  inches  wide;  the  receiver  is  open  at  both 
ends,  the  socket  fitting  upon  the  neck  of  the  iron  retort.  The  ob- 
ject of  preparing  the  receiver  of  this  particular  form  is  to  ensure 
the  rapid  cooling  of  the  potassium,  and  so  to  withdraw  it  from  the 
action  of  the  carbonic  oxide  which  is  disengaged  during  the  whole 
process.  Before  this  receiver  is  connected  with  the  tube,  d,  the 
fire  is  slowly  raised  until  the  retort  attains  a  dull  red  heat ;  pow- 
dered vitrified  borax  is  then  sprinkled  over  its  exterior ;  the  borax 
melts,  and  forms  a  coating  which  protects  the  metal  from  oxidation. 
The  heat  is  then  urged  until  it  becomes  very  intense.  A  mixture  of 
coke  and  charcoal  forms  a  fuel  well  adapted  to  this  purpose;  care 
should  be  taken  that  the  temperature  of  the  furnace  be  raised  as 
equally  throughout  every  part  as  possible.  When  a  full  reddish- 
white  heat  is  attained,  vapours  of  potassium  begin  to  appear,  and 
burn  with  a  brilliant  flame  :  the  receiver  is  now  adjusted  to  the 
iron  neck  of  the  retort,  which  is  not  allowed  to  project  more  than 
a  quarter  of  an  inch  through  the  iron  plate  which  forms  part  of 
the   front  wall,  c,  of  the  furnace^   lest  the  tube    should   become 
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obstructed  by  the  accumulation  of  solid  potassium.  Should  any 
obstruction  occur,  it  is  removed  by  thrusting  in  an  iron  rod ;  if 
this  fails,  the  fire  must  be  immediately  withdrawn  ;  this  is  readily 
effected  by  removing  the  fire  bars,  g^  from  the  furnace,  with  the 
exception  of  two  which  support  the  retort ;  the  fuel  thus  falls  into 
the  ashpit.  The  receiver  is  kept  cool  by  the  application  of  a  wet 
cloth  upon  its  exterior.  When  the  operation  is  complete,  the 
receiver  with  the  potassium  is  removed,  and  instantly  plunged  into 
a  vessel  of  rectified  Persian  naphtha,  provided  with  a  cover.  The 
vessel  is  kept  cool  by  immersion  in  water.  When  this  apparatus 
is  sufficiently  cold,  the  potassium  is  detached  and  preserved  under 
naphtha. 

In  order  to  obtain  the  maximum  produce  of  potassium,  it  is 
necessary  that  the  mixture  of  carbonate  of  potash  and  carbon  should 
contain  i  eq.  of  carbonate  of  potash  to  2  of  carbon,  or  1 2  parts  of 
carbon  by  weight  to  69  of  the  carbonate.  Upon  the  application  of 
heat  the  mixture  is  wholly  converted  into  carbonic  oxide  and  potas- 
sium, KO,  CO2+2  C  =  K  +  3  CO.  The  charge  usually  yields  about 
one-fourth  of  its  weight  of  crude  potassium ;  some  loss  during  the 
process  is  inevitable.  MM.  Donny  and  Mareska  found  this  loss 
to  amount  to  about  one-third  of  the  entire  quantity  contained  in 
the  charge. 

The  potassium  so  obtained  is  not  pure ;  it  is  necessary  to  sub- 
ject it  to  a  second  distillation  in  an  iron  retort.  This  precaution 
is  essential,  as  if  it  be  neglected  a  black  detonating  compound 
speedily  forms  by  exposure  to  the  atmosphere,  and  is  even  pro- 
duced spontaneously,  although  the  metal  be  kept  under  naphtha ; 
this  substance  explodes  violently  upon  the  slightest  friction.  The 
purified  metal  amounts  to  about  two-thirds  of  the  quantity  operated' 
on.  A  third  distillation  may  be  necessary  if  the  potassium  be  re- 
quired in  a  state  of  perfect  purity.  In  order  to  prevent  the  possibility 
of  the  formation  of  the  detonating  compound  already  mentioned,  it 
is  best  to  detach  the  tube  from  the  retort  as  soon  as  it  is  cold,  and 
to  immerse  it  in  water.  A  little  impure  potassium  almost  always 
remains  in  the  tube,  and  is  thus  destroyed. 

Potassium  forms  two  compounds  with  oxygen :  a  protoxide, 
KO,  which  constitutes  potash,  and  a  teroxide,  KO3,  which  does  not 
combine  with  acids. 

(467)  Teroxide  of  Potassium,  (KO3)  ;  Eq.  6^. — This  substance 
is  formed  when  potassium  is  burned  in  a  silver  spoon,  or  upon  a 
mass  of  fused  chloride  of  potassium  in  an  excess  of  oxygen  gas ;  a 
yellowish  brown  mass,  fusible  at  a  red  heat,  is  thus  obtained ;  as  it 
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cools  it  assumes  a  scaly^  crystalline  texture.  It  parts  readily  with 
its  excess  of  oxygen  to  combustibles^  and  is  decomposed  by  water 
with  extrication  of  oxygen  and  formation  of  a  solution  of  pure 
potash_,  or  protoxide  of  potassium. 

(468)  Protoxide  of  Potassium;  Potash,KO;  Eq.^y. — This  com- 
pound can  be  procured  in  an  anhydrous  form  by  oxidating  potassium 
in  thin  slices  in  air  perfectly  freed  from  moisture  and  carbonic  acid. 
It  is  white^  very  deliquescent^  and  caustic;  when  moistened  with 
water  it  becomes  incandescent :  after  it  has  thus  combined  with 
water,  no  degree  of  heat  is  sufficient  to  expel  the  water.  Anhy- 
drous potash  fuses  at  a  red  heat,  and  is  volatilized  at  a  high  tem- 
perature. For  most  purposes  the  presence  of  water  is  immaterial, 
potash  is  therefore  generally  procured  in  the  state  of  hydrate^  in 
which  form  it  may  be  obtained  without  difficulty. 

Hydrate  of  Potash,  (KO,  HO),  Eq,  56,  Sp.  Gr.  2*2,  is  prepared 
by  dissolving  carbonate  of  potash,  of  which  pearlash  of  commerce 
is  an  impure  variety,  in  ten  or  twelve  times  its  weight  of  water, 
and  adding  to  the  boiling  solution  a  quantity  of  quick  lime  equal 
in  w^eight  to  half  the  carbonate  of  potash  used ;  the  lime  should  be 
slacked,  and  made  into  a  thin  paste  with  water,  and  added  in  small 
portions  at  a  time,  so  that  the  liquid  may  be  maintained  at  the 
boiling  point :  a  crystalline  carbonate  of  lime  precipitates,  and 
hydrate  of  potash  remains  in  solution;  KO,  COg  +  CaO,  HO  give 
KO,  HO  +  CaO,  COg.  After  decantation  from  the  precipitate  the 
liquid  is  rapidly  evaporated  in  an  iron  or  silver  basin,  till,  when 
the  heat  is  raised  nearly  to  redness,  it  flows  without  ebullition,  like 
oil ;  it  is  then  either  cast  into  cylinders  in  a  metallic  mould,  or  is 
poured  upon  a  cold  stone  slab,  and  solidifies  on  cooling.  Hydrate 
•of  potash  may  be  obtained  crystallized  in  acute  rhombohedrons, 
HO,  KO,  4  aq,  from  a  hot  concentrated  aqueous  solution. 

Hydrate  of  potash  is  one  of  the  most  indispensable  reagents  to 
the  chemist.  It  is  therefore  necessary  that  he  should  be  able 
readily  to  ascertain  its  purity,  and  if  needful  prepare  it  for  himself ; 
for  this  purpose  bicarbonate  of  potash,  in  crystals,  may  be  decom- 
posed in  the  manner  above  described  by  means  of  lime  obtained 
from  black  marble.  The  impurities  which  occur  most  frequently 
in  ordinary  caustic  potash  are  carbonic,  sulphuric,  hydrochloric, 
and  silicic  acids,  lime,  alumina,  oxide  of  iron,  and  peroxide  of  potas- 
sium. When  in  a  state  of  purity  it  is  perfectly  soluble  in  water 
without  effervescence;  a  dilute  solution  gives  no  precipitate 
with  baryta-water,  showing  the  absence  of  carbonic  and  sulphuric 
acids :  oxalate  of  ammonia,  no  precipitate,  showing  the  absence  of 
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lime.  On  neutralizing  with  nitric  acid,  nitrate  of  silver  gives  no  pre- 
cipitate, showing  the  absence  of  chlorine ;  freedom  from  iron  or 
metallic  impurities  is  shown  by  the  absence  of  any  precipitate  on  the 
addition  of  hydrosulphate  of  ammonia.  Caustic  potash,  when  pure, 
is  wholly  soluble  in  alcohol,  the  impurities  above  mentioned  remain- 
ing undissolved.  Common  potash  is  therefore  often  purified  by 
forming  a  solution  of  it  in  alcohol,  and  boiling  down  to  dryness 
in  a  silver  vessel,  till  it  flows  tranquilly;  the  alcohol  is  thus  expelled, 
the  melted  hydrate  is  poured  off  upon  a  silver  plate  from  the  black 
crust  which  forms  over  its  surface,  and  when  cold,  it  is  broken  up 
and  placed  in  a  well  closed  bottle. 

A  solution  of  pure  potash  may  also  be  readily  obtained  by 
Schubert's  method,  w^hich  consists  in  adding  a  hot  solution  of 
hydrate  of  baryta  to  a  solution  of  sulphate  of  potash,  until  the 
liquid  gives  no  further  precipitate  either  with  baryta  or  with  the 
sulphate  of  potash;  KO,  SOg  +  BaO,  HO  =  KO,  HO  +  BaO,  SO3. 

Hydrate  of  potash,  after  fusion,  is  a  hard,  greyish  white  sub- 
stance ;  it  rapidly  absorbs  moisture  and  carbonic  acid  from  the  air, 
dissolves  in  about  half  its  weight  of  water,  with  the  extrication  of 
considerable  heat,  and  it  is  soluble  in  alcohol  to  an  almost  equal 
extent.  It  has  a  peculiar  nauseous  odour,  and  a  powerful  acrid 
taste ;  is  a  powerful  cautery,  and  quickly  destroys  both  animal  and 
vegetable  matters ;  for  this  reason  its  solution  cannot  be  filtered 
except  through  pounded  glass  or  sand,  and  is  always  best  clarified 
by  allowing  the  impurities  to  subside,  and  then  decanting  the  clear 
liquid. 

The  following  table,  by  Dalton,  gives  approximatively  the  pro- 
portion of  anhydrous  potash  contained  in  loo  parts  by  weight  of 
solutions  of  the  alkali  of  various  densities : — 


Strength  of  Solutions  of  Potash, 


Sp.  gr. 

r6o 
152 

1-47 
I  44 
142 

1*39 
136 


KOin  100 

parts. 

Sp.gr 

467 

1*33 

42-9 

1-28 

39'6 

1-23 

36-8 

ri9 

344 

I' 15 

324 

I'll 

29-4 

roG 

KO  in  100 
parts. 

.      263 
■      234 

•  19-5 
,       l6'2 

-  130 

•  9-5 

-  47 


At  a  high  temperature  hydrate  of  potash  is  wholly  volatilized, 
consequently  the  water  cannot  be  expelled  from  this  hydrate  by  the 
mere  application  of  heat.  Its  affinities  are  so  powerful  that  few 
vessels  are  found  capable  of  resisting  its  action ;  those  which  contain 
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silica  are  decomposed  by  it,  and  platinum  itself  is  oxidized  when 
heated  in  contact  with  it.  Gold  and  silver  resist  it  better.  Potash  de- 
composes the  fixed  oils,  and  converts  them  into  soluble  soaps,  and 
when  fused  with  siliceous  minerals  it  displaces  the  bases,  and  com- 
bines with  the  silica,  forming  silicate  of  potash.  Potash  is  extensively 
employed  in  the  arts;  to  the  soap-boiler  and  the  glass-maker  it  is 
indispensable;  when  combined  with  nitric  acid,  it  enters  largely 
into  the  manufacture  of  gunpowder,  and  in  greater  or  less  quantity 
it  furnishes  important  aids  to  a  variety  of  processes  employed  in 
the  manufactures  of  the  country.  In  the  laboratory,  potash  is  in 
constant  use  for  separating  the  metallic  oxides  from  solutions  of 
their  salts,  as  owing  to  the  powerful  affinity  of  the  alkali  for  acids 
it  readily  decomposes  all  salts  which  are  formed  by  metals  which 
produce  oxides  insoluble  in  water.  Potash  is  present  in  small 
proportion  in  all  fertile  soils,  the  grand  reservoirs  of  this  alkali  being 
the  different  varieties  of  clay,  which  contain  2  or  3  per  cent,  of  it 
derived  from  the  disintegration  of  felspar,  in  which  it  is  present  in 
the  proportion  of  from  10  to  12  per  cent.,  and  certain  kinds  of  mica, 
which  yield  5  or  6  per  cent.  By  exposure  to  the  air  and  atmospheric 
vicissitudes,  these  rocks  become  gradually  disintegrated ;  their  so- 
luble constituents,  potash  amongst  the  number,  are  taken  up  by  the 
water  which  falls  upon  the  earth's  surface,  and  are  assimilated  by 
the  plants  which  spring  from  its  bosom ;  they  accumulate  it,  espe- 
cially in  the  leaves,  young  shoots,  and  succulent  parts.  Owing  to 
this  circumstance  large  quantities  of  potash  may  be  obtained  with 
facility  :  dried  brushwood  is  incinerated,  and  the  remaining  ash, 
which  seldom  constitutes  more  than  i  per  cent,  of  the  dry  wood, 
contains  the  potash  in  the  form  of  carbonate  :  the  salt  is  extracted 
by  water  from  the  insoluble  portions.  In  plants  potash  is  usually 
combined  with  some  organic  acid ;  when  the  vegetable  matter 
is  burned,  the  acid  is  decomposed,  carbonic  acid  is  formed,  and 
the  alkali  remains  in  the  state  of  a  carbonate  in  the  ash. 

(469)  Sulphides  of  Potassium. — Potassium  takes  fire  readily 
and  burns  with  brilliancy  when  heated  in  the  vapour  of  sulphur. 
It  combines  with  this  element  in  not  less  than  five  different  propor- 
tions, KS,  KS2,  KS3,  KS4,  and  KS5.  Owing  to  this  circumstance, 
the  reactions  which  occur  when  sulphur  is  heated  with  potash 
are  somewhat  complicated ;  but  they  are  now  well  understood,  and 
may  be  traced  without  difficulty.  The  py^otosulphide,  KS,  is  easily 
procured  by  heating  sulphate  of  potash  in  a  current  of  hydro- 
gen gas;  KO,  SO4  +  4  H  =  KS-h4  HO  :  water  is  formed,  and  the 
sulphide,  of  a  yellowish  brown  colour,  is   left  behind   in  a  fused 
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condition.  If  sulphate  of  potash  be  mixed  in  fine  powder  with  half 
its  weight  of  lampblack,  and  heated  in  a  covered  crucible,  the  sul- 
phate is  reduced  to  sulphide  of  potassium,  which  remains  in  a  finely 
divided  state  mixed  with  the  excess  of  charcoal,  and  yields  o.  pyro- 
phorus,  or  compound  which  takes  fire  spontaneously  in  the  air, 
owing  to  the  heat  emitted  by  its  rapid  absorption  of  oxygen. 
Protosulphide  of  potassium  deliquesces  when  exposed  to  the  air ;  it 
dissolves  in  water,  and  when  pure,  forms  a  colourless  solution  which 
acts  rapidly  on  the  skin  as  a  caustic.  This  solution,  on  the  addi- 
tion of  an  acid,  evolves  sulphuretted  hydrogen  abundantly ;  KS  4- 
HO,  SOg^HS  +  KO,  SO3.  It  absorbs  oxygen  quickly  from  the 
air  and  becomes  yellow.  In  solution  it  may  be  prepared  by 
dividing  a  solution  of  caustic  potash  into  two  equal  portions  ; 
and  transmitting  through  one  of  them  a  current  of  sulphuretted 
hydrogen  as  long  as  it  is  absorbed ;  a  hydrosulphate  of  sulphide  of 
potassium  is  formed,  (KS,  HS,)  and  on  mixing  it  with  the  other 
half  of  the  potash  ley,  neutral  sulphide  is  formed  :  KS,  HS  +  K0  = 
2  KS  +  HO.  The  bisulphide,  (KSg),  may  be  formed  by  exposing  an 
alcoholic  solution  of  KS,  HS  to  the  air  till  it  begins  to  become 
turbid,  and  evaporating  to  dryness  in  vacuo.  It  fuses  easily,  and 
is  of  an  orange  colour.  The  ter sulphide,  KS3,  is  obtained  pure  by 
passing  over  ignited  carbonate  of  potash  the  vapour  of  bisulphide 
of  carbon  as  long  as  any  gas  makes  its  escape :  carbonic  acid  and 
carbonic  oxide  are  produced  as  follows;  2  (KO,  C02)+3  €83  = 
2  KS3  +  4  CO  -f  CO2.  In  the  old  process  of  making  liver  of  sulphur, 
69  parts  of  dry  carbonate  of  potash  are  fused  with  40  parts  of 
sulphur  ;  the  resulting  yellowish  brown  mass  consists  of  3  eqs.  of 
tersulphide  of  potassium  and  i  of  sulphate  of  potash  :  the  potash 
in  this  case  yields  oxygen  to  one  portion  of  the  sulphur,  and  forms 
sulphuric  acid,  as  shown  in  the  annexed  equation :  4  (KO,  CO2)  + 
10  S  =  (KO,  SO3  +  3  KS3)  +4  CO2.  A  tetrasulphide,  KS4,  may  be 
formed  by  reducing  sulphate  of  potash  by  the  vapour  of  bisulphide 
of  carbon.  The  pentasulphide,  KS5,  is  formed  by  boiling  a  solution 
of  any  of  the  preceding  sulphides  with  excess  of  sulphur  till  satu- 
rated, or  by  fusing  any  of  the  dry  sulphides  with  an  excess  of  sulphur ; 
the  excess  of  sulphur  separates  and  floats  above  the  sulphide,  which 
has  a  dark-liver  brown  colour;  it  is  deliquescent,  and  soluble  in 
water.  All  these  sulphides  have  an  alkaline  reaction  to  test  paper, 
and  a  more  or  less  distinct  odour  of  sulphuretted  hydrogen.  On 
the  addition  of  a  stronger  acid  they  are  decomposed  with  extrica- 
tion of  sulphuretted  hydrogen,  attended,  in  the  case  of  all 
but  the  protosulphide,  by  the  precijjitation  of  white  finely  divided 
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sulphur.  On  adding  the  persulphide  to  hydrocliloric  acid  of  sp.  gr. 
about  I  "I,  the  persulphide  of  hydrogen  separates  as  an  oily  liquid. 
By  exposing  the  higher  sulphides  to  air,  hyposulphite  of  potash 
forms  in  the  solution,  and  the  excess  of  sulphur  separates.  When 
a  solution  of  caustic  potash  is  boiled  with  sulphur,  a  decomposition 
ensues  similar  to  that  which  occurs  when  potash  and  sulphur  are 
fused  together;  a  deep  red  liquid  is  formed,  which  contains  hypo- 
sulphite of  potash,  and  one  of  the  higher  sulphides  of  the  metal : 
3  equivalents  of  potash  and  12  of  sulphur  would  thus  furnish  i 
equivalent  of  hyposulphite  and  2  equivalents  of  pentasulphide  of 
potassium ;  3  KO  +  128  =  KO,  S2O2  +  2  KS5. 

(470)  Chloride  of  Potassium.,  (KCl);  Eq.  74*5;  Sp.  Gr.  1-900. 
— This  salt  is  extracted  in  considerable  quantity  from  kelp,  the 
ashes  of  burnt  sea- weed,  and  is  used  largely  as  a  source  of  potash  in 
the  manufacture  of  alum.  It  may  be  prepared  pure  by  directly 
neutralizing  bicarbonate  or  carbonate  of  potash  with  hydrochloric 
acid,  and  evaporating.  It  crystallizes  in  cubes,  and  dissolves  very 
readily  in  cold  water,  which  takes  up  about  a  third  of  its  weight, 
attended  with  great  depression  of  temperature.  It  is  remarkable 
that  this  salt  possesses  the  property  of  absorbing  the  vapours  of 
anhydrous  sulphuric  acid,  forming  a  hard,  translucent  mass,  (KCl, 
2  SO3,)  which  is  instantly  decomposed  by  water.  With  chromic 
acid  it  forms  a  corresponding  compound,  which  crystallizes  from 
its  solution  in  hydrochloric  acid  in  needles  (KCl,  2  CrOg). 

(471)  Iodide  of  Potassium,  or  Hydriodate  of  Potash,  (KI); 
Eq.  166;  Sp.  Gr.  3*059. — This  valuable  medicine  may  be  procured 
in  several  ways.  A  simple  method  consists  in  adding  iodine  to  a 
solution  of  potash,  gently  warmed,  until  the  solution  begins  to 
assume  a  brown  tint.  Iodide  of  potassium  and  iodate  of  potash  are 
formed;  6  I -f  6  K0  =  ^  KI  +  KO,  IO5.  By  gentle  ignition  of  the 
residue  obtained  by  evaporation,  the  iodate  is  decomposed,  and  the 
remaining  iodide  fuses.  The  salt  must  not  be  strongly  heated, 
as  iodide  of  potassium  volatilizes  at  a  red  heat.  A  better  plan  is  to 
digest  2  parts  of  iodine  and  i  of  iron,  in  a  stoppered  vessel,  with 
30  parts  of  water,  the  iron  being  purposely  added  in  excess; 
under  these  circumstances  protiodide  of  iron  is  formed  by  the 
direct  union  of  the  metal  with  the  iodine  :  the  liquid  is  then 
boiled,  and  a  solution  of  carbonate  of  potash  is  added  in  small  quan- 
tities as  long  as  a  precipitate  occurs ;  the  solution  is  next  filtered 
from  the  insoluble  carbonate  of  iron,  and  on  evaporation  it  yields 
crystals  of  iodide  of  potassium;  Fel  +  KO,  C02  =  FeO,  COg  +  KI. 
Iodide   of  potassium   crystallizes   in  anhydrous  cubes,  which  in  a 
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dry  air  are  not  deliquescent.  It  is  very  soluble  both  in  water  and 
in  alcohol,  and  has  a  cooling,  bitterish  taste.  Its  solution  has  the 
property  of  dissolving  an  additional  equivalent  of  iodine,  vrith 
which  it  forms  a  deep  brown  liquid. 

Iodide  of  potassium,  from  its  high  price,  has  frequently  been 
adulterated.  If  pure  it  should  dissolve  completely  in  six  times  its 
weight  of  alcohol,  and  should  not  effervesce  when  moistened  with 
hydrochloric  acid  (carbonate  of  potash  would  be  indicated  by  eflPer- 
vescence),  and  it  should  not  turn  brown  by  the  action  of  the  acid ; 
if  iodate  of  potash  were  mixed  with  it,  free  iodine  would  be  shown 
by  the  brown  colour  developed  on  adding  the  acid. 

(472)  Bromide  of  Potassium,  (KBr) ;  Eq.  119;  Sp.  Gr.  2*672. — 
This  is  a  very  soluble  salt,  which  crystallizes  in  cubes.  It  may  be 
obtained  by  adding  bromine  to  a  solution  of  caustic  potash  until  the 
liquid  acquires  a  slight,  permanent  yellow  colour.  Bromide  of 
potassium  and  bromate  of  potash  are  formed.  Lowig  dissolves  the 
mixed  salts  in  water,  decomposes  the  bromate  by  a  current  of  sul- 
phuretted hydrogen,  warms  gently  to  expel  the  excess  of  the  gas, 
filters  from  the  deposited  sulphur,  and  evaporates  till  the  solution 
crystallizes;  KO,  ^vO-^  +  6  HS  =  KBr  +  6  HO +  6  S. 

(473)  Silicofluoride  of  Potassium,  (KF,  SiFg) ;  Eq.  1 10*3. — This 
salt  is  one  of  the  most  insoluble  compounds  of  potassium ;  it  falls 
as  a  transparent  gelatinous  precipitate  whenever  silicofluoric  acid  is 
added  to  a  salt  of  potash ;  it  dries  to  a  white  earthy-looking  powder. 
Advantage  is  occasionally  taken  of  its  insolubility  to  separate 
potash  from  some  of  the  acids  with  which  it  is  united :  in  this 
way  chloric  acid  is  sometimes  prepared  from  chlorate  of  potash. 

(474)  Sulphate  of  Potash,  (KO,  SO3) ;  Eq.  87  ;  Sp.  Gr.  2-64.— 
This  is  a  salt  which  crystallizes  either  in  anhydrous  six-sided  prisms, 
terminating  in  six-sided  pyramids,  or  in  four-sided  oblique  rhombic 
prisms,  which  require  about  16  parts  of  cold  water  for  solution. 
The  crystals  decrepitate  strongly  when  heated.  Sulphate  of 
potash  forms  a  series  of  double  salts  with  sulphates  of  the  prot- 
oxides which  are  isomorphous  with  magnesia,  and  another  class 
of  salts  (the  varieties  of  alum)  with  the  sulphates  of  the  ses- 
quioxides  isomorphous  with  alumina.  M.  Jacquelain  finds  that  if 
neutral  sulphate  of  potash  be  dissolved  in  nitric  acid,  a  little  nitre 
and  bisulphate  of  potash  are  formed,  whilst  a  salt,  consisting  of 
HO,  NO5  4-  2  (KO,  SO3),  crystallizes  in  oblique  prisms.  An 
analogous  compound  may  be  formed  with  phosphoric  acid, 
3HO,P05  +  a(KO,  SO3). 

Bisulphate   of  Potash,    (KO,    SO3   +   110,    SO3)  ;    Eq.   136; 
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Sp.  Gr.  2*475. — This  salt  is  formed  on  a  large  scale  as  a  residuary 
product  in  the  preparation  of  nitric  acid  from  nitrate  of  potash ;  it 
is  the  sal  enixum  of  the  older  writers.  It  crystallizes  from  a 
strongly  acid  solution  in  rhomboidal  tables^  which  fuse  at  a  heat 
below  redness,  and  by  prolonged  ignition  lose  half  their  acid ;  they 
are  very  soluble  in  water,  and  have  a  sour  bitterish  taste.  If  re- 
dissolved  in  water,  the  neutral  sulphate  crystallizes  first,  and  after- 
wards, when  the  liquid  has  become  strongly  acid,  the  bisulphate  is 
deposited.  The  bisulphate  occasionally  crystallizes  in  anhydrous 
needles.  This  salt  is  sometimes  used  as  a  flux  in  cases  where  the 
action  of  an  acid  is  required  at  a  high  temperature  upon  salts 
or  metallic  oxides  with  which  it  may  be  fused. 

(475)  Nitrate  of  Potash,  (KO,  NO5);  Eq.  loi;  Sp.  Gr.  2-o7o. — 
Saltpetre  or  Nitre  as  this  salt  is  frequently  termed,  is  one 
of  the  most  important  and  valuable  salts  of  potash.  The  prin- 
cipal supply  of  nitre  is  derived  from  various  districts  in  the  East 
Indies,  where  it  occurs  sometimes  as  an  efflorescence  upon  the 
soil,  at  other  times  disseminated  through  the  superficial  stratum 
itself.  It  is  obtained  by  lixiviating  the  soil,  and  allowing  the 
solution  to  crystallize.  The  earth  which  furnishes  it  consists 
principally  of  loose,  porous  carbonate  of  lime,  mixed  with  decom- 
posing felspar,  and  it  always  contains  more  or  less  of  organic  matters. 
Notwithstanding  the  investigations  of  Dr.  Davy,  of  M.  Kuhlmann, 
and  of  others,  the  process  of  nitrification  is  still  very  imperfectly 
understood.  The  artificial  formation  of  nitre  has,  however,  been 
practised  with  considerable  success  in  various  countries  of  Europe, 
which  furnish  annually  a  large  amount  of  the  salt.  In  Sweden, 
this  supply  of  nitre  is  considered  of  such  importance,  that  each 
landed  proprietor  is  obliged  to  pay  a  certain  tax  in  raw  nitre,  the 
quantity  required  being  proportioned  to  the  value  of  the  estate. 
Where  animal  matters  are  present  in  abundance,  the  formation  of 
nitric  acid  is  chiefly  due  to  the  gradual  oxidation  of  ammonia 
developed  in  the  process  of  putrefaction.  This  oxidation  is  mate- 
rially favoured  by  an  excess  of  potash,  of  lime,  or  of  some  basic 
substance,  which  can  combine  with  the  acid  at  tlie  moment  of  its 
generation.  The  process  of  nitrification  becomes  arrested  if  the 
temperature  be  allowed  to  fall  much  below  60°  F. 

The  method  adopted  in  the  artificial  production  of  nitre  con- 
sists in  placing  animal  matters,  mingled  with  ashes  and  lime  rubbish, 
in  loosely  aggregated  heaps,  exposed  to  the  air,  but  sheltered  from 
rain.  The  heaps  are  watered  from  time  to  time  with  urine  or 
stable   runnings ;  at   suitable  intervals  the  earth  is  lixiviated,  and 
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the  salt  crystallized.  Three  years  usually  elapse  before  the  nitre 
bed  is  washed :  after  this  interval  a  cubic  foot  of  the  debris  should 
yield  between  four  and  five  ounces  of  nitre.  As  there  is  always  a 
considerable  quantity  of  the  nitrates  of  lime  and  magnesia  present, 
which  will  not  crystallize,  carbonate  of  potash,  in  the  shape  of  wood 
ashes,  is  added  so  long  as  any  precipitate  occurs.  The  nitrate  oi 
lime  is  decomposed,  and  the  insoluble  carbonate  of  lime  separates ; 
CaO,  NO5  +  KO,  C02  =  CaO,  CO2  +  KO,  NO5.  The  clear  liquor  is 
then  evaporated  and  crystallized.  It  is  found  by  the  saltpetre- 
boiler  that  the  earth  in  which  nitre  has  once  been  formed  fur- 
nishes fresh  nitre  more  readily  than  on  the  first  occasion.  Care 
is  taken  that  the  nitre  plantations,  as  they  are  termed,  shall  rest 
upon  an  impervious  flooring  of  clay,  so  that  the  liquid  which  drains 
away  from  them  may  be  collected  and  preserved. 

In  Prussia,  by  a  more  methodical  treatment,  a  cubic  foot  of 
the  earth  yields  about  twenty  ounces  of  nitre.  The  heaps  are  so 
constructed  as  to  form  a  terrace  of  steps,  exposing  the  back  in  the 
form  of  an  upright  wall  to  the  prevailing  wind ;  the  watering  is 
thus  facilitated,  while  upon  the  exposed  side  the  evaporation  pro- 
ceeds with  rapidity,  and  here,  from  capillary  action,  the  nitre 
chiefly  accumulates  :  from  time  to  time  a  layer  of  earth  is  re- 
moved from  this  wall  for  lixiviation,  and  the  washed  earth,  mixed 
with  a  fresh  portion  of  animal  matter,  is  returned  systematically  to 
the  other  side  of  the  heap. 

The  washing  of  the  earth  charged  with  saltpetre  is  conducted 
in  a  systematic  manner,  so  as  to  avoid  using  a  larger  quantity  of 
water  than  is  actually  needed  to  dissolve  the  saltpetre.  The  opera- 
tion is  minutely  described  by  Regnault  [Cours  Elementaire  de 
Chimie,  ii.  131). 

Besides  the  natural  and  artificial  sources  of  nitre  just  described, 
this  salt  occurs  also  in  solution  in  the  sap  of  certain  plants,  among 
which  the  sunflower,  the  tobacco  plant,  and  common  borage  may  be 
enumerated. 

Properties. — Nitre  crystallizes  in  long  six-sided  striated  prisms, 
terminated  by  dihedral  summits ;  it  is  soluble  in  three-and-a-half 
times  its  weight  of  cold  water,  and  about  half  its  weight  of  boiling 
water ;  it  is  insoluble  in  alcohol :  its  taste  is  cooling  and  saline.  If 
paper  be  dipped  in  a  solution  of  nitre  and  dried,  it  forms  what  is  well 
known  as  touch-paper ,  which,  when  once  kindled,  steadily  smoulders 
away  till  consumed,  and  hence  it  is  largely  employed  in  firing 
trains  of  powder,  fireworks,  &c.  Nitre  fuses  easily  without 
decomposition  at  a  temperature  of  642°  F.  (Person),  and  when  cast 
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into  moulds,  solidifies  to  a  white,  fibrous,  radiated  mass,  known-  as 
sal  prunelle.  Heated  to  redness,  part  of  its  oxygen  is  expelled,  and 
a  deliquescent  mass  of  hyponitrite  of  potash  is  formed.  By  a  still 
stronger  heat  the  hyponitrite  is  decomposed,  nitrogen  mixed  with 
oxygen  escapes,  and  a  mixture  of  potash  and  peroxide  of  potassium 
remains. 

Owing  to  the  facility  with  which  nitre  parts  with  oxygen,  it 
is  a  powerful  oxidating  agent,  and  is  in  frequent  demand  in  the 
laboratory  for  this  purpose :  when  thrown  upon  glowing  coals  it 
produces  a  brisk  scintillation.  If  intimately  mixed  with  any 
metallic  sulphide  in  fine  powder,  such  as  sulphide  of  antimony, 
and  thrown,  in  small  quantities  at  a  time,  into  a  red-hot  crucible, 
the  sulphur  burns  into  sulphuric  acid,  which  combines  with  the 
potash  of  the  nitre  with  a  brisk  deflagration,  or  rapid  combustion, 
whilst  the  metal  at  the  same  time  becomes  oxidized  to  the 
maximum.  In  the  case  of  antimony,  the  oxide  produced  possesses 
acid  characters,  and  it  enters  into  combination  with  the  potash. 
Advantage  is  frequently  taken  of  this  oxidizing  action  of  nitre 
in  order  to  convert  small  quantities  of  sulphur  in  bodies  of  organic 
origin  into  sulphuric  acid,  for  the  purpose  of  estimating  the  propor- 
tion of  sulphur  which  they  contain.  The  quantity  of  sulphuric 
acid  thus  produced,  admits  of  easy  and  accurate  determination  in 
the  form  of  sulphate  of  baryta. 

(476)  Refining  of  Saltpetre. — The  impurities  of  most  frequent 
03currence  in  nitre  are  sulphate  of  potash,  chloride  of  sodium,  and 
nitrates  of  lime  and  magnesia :  after  it  has  been  fused,  unless  the 
heat  has  been  cautiously  regulated,  a  little  hyponitrite  of  potash  is 
liable  to  be  formed ;  in  the  latter  case  a  fragment  of  the  salt,  when 
moistened  with  solution  of  sulphate  of  copper,  becomes  of  a  bright 
green  colour.  Nitre,  when  pure,  is  not  deliquescent,  and  its  solution 
gives  no  precipitate  with  solutions  of  chloride  of  barium,  of  nitrate 
of  silver,  or  of  carbonate  of  potash. 

In  the  refining  of  nitre  advantage  is  taken  of  the  circumstance 
that  whilst  the  solubility  of  nitrate  of  potash  rapidly  increases  as 
the  temperature  rises,  that  of  the  chloride  of  sodium  is  scarcely 
affected  by  it.  In  England  it  is  usual  to  purify  the  salt  by  three 
successive  crystallizations.  The  same  object  is  effected  in  France 
by  a  single  operation.  The  following  is  an  outline  of  the  French 
process  of  refining  saltpetre  : — In  a  capacious  copper  boiler,  about 
fifty  gallons,  or  500  pounds  of  water  is  placed,  and  twice  its  weight 
of  crude  nitre  is  added :  this  salt  gradually  dissolves,  and  fresh 
nitre  is  added  until,  when  the  water  has  attained  the  boiling  point. 
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a  quantity  of  nitre  has  been  added  equal  to  five  times  tlie  weight 
of  the  water  employed ;  the  liquid  is  skimmed  from  time  to  time, 
and  the  chloride  of  sodium,  a  large  proportion  of  which  remains 
undissolved,  is  removed  by  means  of  perforated  ladles ;  the  solution 
is  next  diluted  with  loo  gallons  of  water,  after  which  two  pounds 
and  a  half  of  glue,  dissolved  in  hot  water,  are  added,  and  thoroughly 
incorporated  by  briskly  sth-ring;  the  coagulum  which  is  formed 
rises  in  a  scum  to  the  surface,  and  is  carefully  removed ;  when  the 
liquid  has  been  rendered  clear  by  a  few  minutes'  ebullition,  it  is 
allowed  to  cool  to  about  1 95°,  and  is  ladled  into  the  crystallizing  pan. 

The  crystallization  is  effected  in  a  shallow  vessel,  the  bottom  of 
which  is  formed  by  two  inclined  planes  which  meet  in  the  middle. 
In  this  vessel  the  solution  is  kept  in  continual  agitation,  in  order 
to  prevent  the  formation  of  large  crystals :  such  crystals  would 
mechanically  retain  the  mother-liquor,  from  which  they  could  not 
be  subsequently  freed  without  recrystallization.  The  chloride  of 
sodium,  being  nearly  as  soluble  in  cold  water  as  in  hot,  remains 
almost  entirely  in  the  solution,  whilst  the  saltpetre  is  deposited 
in  extremely  small  crystals,  which  are  allowed  to  drain,  and  are 
then  removed  to  tanks  provided  with  false,  perforated  bottoms, 
where  they  are  deprived  of  the  mother-liquor  with  which  they  are 
saturated.  For  this  purpose  the  tanks  are  completely  filled  with 
the  crystals,  and  upon  them  is  poured  a  solution  of  saltpetre  satu- 
rated in  the  cold ;  this  liquid  dissolves  the  chlorides,  but  leaves  the 
pure  nitrate  of  potash  untouched.  In  the  course  of  a  few  hours 
the  liquid  is  drawn  off,  and  the  tanks  are  then  filled  up  with  pure 
water;  this  becomes  charged  with  nitre,  containing  traces  of  chlo- 
rides, whilst  the  undissolved  salt  is  almost  chemically  pure :  the 
solution  of  nitre  thus  obtained  serves  to  wash  a  fresh  portion  of  the 
crystals :  the  refined  saltpetre  is  then  dried,  and  is  fit  for  use. 

(477)  Gunpowder. — The  principal  consumption  of  nitre  is  in 
the  manufacture  of  gunpowder,  which  consists  of  an  intimate 
mechanical  mixture  of  nitre,  sulphur,  and  charcoal,  in  proportions 
approaching  to  i  equivalent  each  of  nitre  and  of  sulphur,  and  3 
equivalents  of  charcoal. 

In  100  parts. 

Nitre  .  .  .  i  eq.  loi  .  .  .  74*8 
Sulphur  .  .  I  eq.  16  .  .  .  13*3 
Charcoal      .      .      3  eq.     18     .      .      .      11-9 

135  1000 

The  proportions  used  vary  a  little  in  different  countries,  as  wUl  be 
seen  from  the  following  table : — 

3  B 
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Composition  of  Gunfowder  in  loo  parts. 


Nitre       . 
Sulphur . 
Charcoal 

English  and 
Austrian. 

Prussian. 

Swedish. 

Chinese. 

French. 

75 

lO 

15 

75 

ii'5 

13-5 

75 

9 
16 

75'7 

99 

144 

750 

12-5 

12-5 

76-0 

9-6 
135 

62 
20 

18 

Musket. 

Musket. 

Musket. 

Musket. 

Sporting. 

Blasting. 

An  excess  of  sulphur  is  carefully  avoided  on  account  of  its 
injiu'ious  action  upon  the  metal  of  the  gun.  The  great  explosive 
power  of  gunpowder  is  due  to  the  sudden  development  of  a  large 
volume  of  nitrogen  and  carbonic  acid  gases,  which,,  at  the  ordinary 
temperature  of  the  air,  would  occupy  a  space  equal  to  about  300  times 
the  bulk  of  the  powder  used,  but  from  the  intense  heat  developed 
at  the  moment  of  the  explosion,  the  dilatation  amounts  to  at  least 
1500  times  the  volume  of  the  gunpowder  employed.  Supposing 
the  mixture  to  contain  1  equivalent  of  sulphur,  3  of  carbon,  and  i 
of  nitre,  the  reaction  may  be  approximatively  represented  thus, 

S  +  C3  +  KO,  NO5  =  (3  CO2  +  N)  +  KS. 

The  only  solid  residue  therefore  is  sulphide  of  potassium ;  and  it 
is  this  substance  which  gives  the  peculiar  sulphurous  odour  to  the 
washings  of  a  gun  barrel. 

Much  care  is  requisite  in  the  selection  of  the  materials  for 
the  manufacture  of  gunpowder.  The  charcoal  must  be  burned 
thoroughly,  but  not  at  too  high  a  temperature :  that  from  the 
alder  or  dog-wood  is  preferred  for  the  purpose.  In  the  govern- 
ment works  at  Waltham  Abbey,  sulphur  is  never  used  in  the 
state  of  flowers  of  sulphur;  in  this  condition  it  is  preferred  for 
fireworks ;  but  distilled  sulphur,  reduced  to  a  fine  meal  by  grinding, 
is  always  used  for  gunpowder.  Nitre  of  the  pm'est  quality  is  alone 
employed.  These  three  materials  having  been  separately  ground 
and  sifted,  are  mixed  in  powder  in  the  proper  proportions,  and 
are  intimately  blended  in  a  revolving  drum  ;  they  are  then  made 
into  a  stiff  paste  with  water,  and  ground  for  some  hours  under  edge 
stones  j  the  slightly  coherent  mass  thus  procured  is  broken  up,  and 
spread,  in  layers  of  about  an  inch  in  thickness,  between  gun-metal 
plates  j  it  is  then  subjected  to  the  action  of  a  hydraulic  press  which 
exerts  a  force  of  1 20  tons  upon  the  square  foot :  a  hard,  sonorous 
mass,  termed  press  cake,  is  thus  obtained  :  these  masses,  whilst 
still  damp,  are  broken  into  small  fragments,  or  granulated^  by  sub- 
mitting them  to  the  action  of  toothed  rollers  in  a  machine  con- 
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structed  for  the  purpose.  The  grains  are  next  sorted  by  means  of 
sieves  into  different  sizes,  after  which  they  are  thoroughly  di'ied 
in  closets  heated  by  steam_,  and_,  finally,  are  polished  by  placing 
them  in  barrels  caused  to  revolve  about  thirty-nine  times  in  a 
minute.  A  cubic  foot  of  good  English  cannon  powder  weighs 
about  fifty-eight  pounds ;  if  below  fifty -five  pounds,  it  is  considered 
unfit  for  use.  The  heavier  the  powder  the  greater  is  its  explosive 
power.  Two  ounces  of  the  best  English  powder,  when  introduced 
into  a  mortar  of  eight  inches  diameter,  set  at  an  angle  of  45°,  should 
throw  a  681b.  shot  from  260  to  280  feet,  on  IcA^el  ground. 

The  object  of  granulating  the  powder  is  to  favour  the  rapidity 
of  inflammation  by  leaving  interstices,  through  which  the  flame  is 
enabled  to  penetrate  and  envelope  each  grain.  The  ignition  of  the 
whole  charge  does  not  take  place  simultaneously  throughout,  nor  is 
it  desirable  that  it  should  do  so,  otherwise  sufficient  time  would  not 
be  given  to  allow  the  charge  to  receive  the  full  advantage  of  the 
expansive  force  of  the  air  generated :  too  rapid  an  action  would  be 
expended  upon  the  barrel  of  the  gun  itself,  and  effects  would  be 
produced  like  those  due  to  fulminating  mercury;  indeed,  where 
very  great  force  is  required,  as  in  blasting  for  mining  operations, 
the  action  of  the  powder  is  still  further  retarded  by  mixing  it  with 
sawdust ;  the  powder  for  this  purpose  usually  contains  6^  parts  of 
nitre,  20  of  sulphur,  and  15  of  charcoal  (Graham).  In  the  forma- 
tion of  the  fuse,  the  quick  and  slow  match,  and  certain  kinds  of 
fireworks,  gunpowder  is  mingled  with  combustibles  in  various  pro- 
portions. 

The  analysis  of  gunpowder  is  easily  effected :  100  grains  of 
the  powder  for  examination  are  dried  at  2 1 2°  by  a  steam  bath ; 
the  loss  indicates  the  amount  of  moisture.  The  residue  is  digested 
in  water  and  is  washed  :  the  solution,  when  evaporated  in  a  coun- 
terpoised capsule,  and  weighed,  furnishes  the  amount  of  nitre,  and 
other  salts.  Nitrate  of  baryta,  when  added  to  a  solution  of  these 
salts,  acidulated  with  nitric  acid,  will  yield  the  sulphuric  acid  in 
the  form  of  sulphate  of  barj^ta ;  and  nitrate  of  silver,  when  added 
to  the  liquid  filtered  from  the  sulphate  of  baryta,  will  give  the  data 
for  ascertaining  the  amount  of  chloride  from  the  precipitated 
chloride  of  silver :  the  charcoal  and  sulphur  are  contained  in  the 
portion  which  did  not  dissolve  in  water;  they  may  be  separated 
by  means  of  bisulphide  of  carbon,  which  dissolves  out  the  sulphur, 
and  leaves  it  in  the  crystalline  form  by  spontaneous  evaporation, 
whilst  the  charcoal  is  left  undissolved  and  may  be  weighed. 

A  mixture  of  3  parts  of  nitre,  2  of  carbonate  of  potash,  and  i 
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of  sulphur^  produces  a  compound  known  as  pulvis  fulminans,  wliich 
when  heated  on  an  iron  shovel  until  fusion  takes  place,  suddenly 
explodes  with  a  very  loud  report. 

(478)  Chlorate  of  Potash,  (KO,  CIO5);  Eq.  122-5;  ^P-  ^^• 
1*989. — One  mode  of  preparing  this  salt  has  already  been  explained 
(321).  It  may  be  more  economically  prepared  by  exposing  to  a 
current  of  chlorine  gas  a  mixture,  in  a  slightly  damp  state,  of  69 
parts  of  carbonate  of  potash  and  168  parts  of  caustic  lime,  previously 
reduced  to  the  state  of  hydrate ;  chlorate  of  potash,  carbonate  of 
lime,  and  chloride  of  calcium  are  formed :  boiling  water  dissolves 
both  the  chlorate  of  potash  and  the  chloride  of  calcium.  The  two 
salts  are  easily  separated  by  crystallization ;  as  the  chlorate  requires 
1 5  parts  of  cold  water  for  solution,  and  the  chloride  is  soluble  to 
almost  any  extent.  The  chlorate  of  potash  is  deposited  in  anhydrous, 
rhomboidal,  pearly  tables;  it  has  a  cooling  taste,  somewhat  analogous 
to  that  of  nitre  :  100  parts  of  boiling  water  dissolve  61*5  of  the  salt. 
When  heated  to  redness  the  salt  melts  and  is  decomposed,  furnish- 
ing oxygen  gas  of  great  purity,  and  leaving  chloride  of  potassium 
as  a  fixed  residue  behind.  It  is  a  more  powerful  oxidizing  agent 
than  nitre;  ^nd  if  combustible  substances,  such  as  sulphur  or 
phosphorus,  be  rubbed  with  it  forcibly,  combination  with  oxygen, 
accompanied  by  detonation,  ensues.  Chlorate  of  potash  is  principally 
consumed  in  the  manufacture  of  lucifer  matches,  and  as  an  oxidizing 
agent  in  certain  operations  of  the  calico  printer.  The  preparation  and 
properties  o^  perchlorate  of  potash  have  been  already  described  (3  2  2). 

(479)  Carbonate  of  Potash,  (KO,  COg);  Eq.  69  ;  Sp.  Gr.  2'i03. 
— This  important  salt  is  obtained  in  large  quantities  for  commercial 
purposes  by  lixiviating  wood  ashes  and  evaporating  the  solution 
until  it  crystallizes ;  the  mother-liquor,  when  it  cools,  is  poured 
off  from  the  crystallized  salts,  as  it  retains  the  more  soluble  carbonate 
of  potash,  and  Avhen  evaporated  to  dryness,  affords  the  potashes  of 
commerce,  and  these,  when  calcined,  yield  the  impure  carbonate 
known  as  pear  lash.  Difierent  plants,  when  burned,  furnish  varying 
quantities  of  the  alkali,  which  they  extract  from  the  soil :  the 
leaves  and  young  shoots,  where  the  vital  action  is  the  most 
vigorous,  are  the  parts  which  furnish  the  greatest  quantity  of 
alkali.  Herbaceous  plants,  therefore,  generally  furnish  more  than 
shrubs,  and  shrubs  more  than  an  equal  weight  of  timber.  In  the 
wine  producing  countries,  a  considerable  quantity  of  carbonate  of 
potash  of  good  quality  is  furnished  by  burning  the  refuse  yeast 
after  the  fermentation  is  complete.  The  yeast,  for  this  purpose,  is 
pressed,  dried  in  the  sun,  and  burned  in  shallow  enclosures  :  this  dry 
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matter  furnishes  nearly  lo  per  cent,  of  its  weight  of  carbonate. 
Potash  does  not  exist  in  plants  in  the  form  of  carbonate ;  it  occurs 
in  them  in  union  with  different  organic  acids :  these  organic  acids 
are  destroyed  by  the  action  of  the  heat  during  incineration.  These 
acids  always  contain  more  carbon  than  is  sufficient^  when  oxidized 
by  the  air,  to  form  the  amount  of  carbonic  acid  requisite  to 
neutralize  the  potash ;  and  the  carbonate  of  potash  thus  produced, 
as  it  is  not  decomposed  by  a  red  heat,  remains  behind.  In  the 
ashes  of  plants  various  other  saline  substances  are  likewise  present, 
but  those  which  are  soluble  consist  principally  of  the  sulphate  of 
potash  and  chloride  of  potassium. 

A  purer  carbonate  is  obtained  for  chemical  purposes  by  defla- 
grating a  mixture  of  purified  cream  of  tartar  with  an  equal  quantity 
of  pure  nitre.  The  mass  is  thrown,  in  small  portions  at  a  time, 
into  a  red-hot  crucible :  in  this  operation  the  nitre  yields  oxygen 
to  the  vegetable  acid,  converts  the  carbon  which  it  Contains  into 
carbonic  acid,  which  enters  into  combination  with  the  alkali  both 
of  the  tartar  and  of  the  nitre,  since  the  two  acids  undergo  mutual 
decomposition  :  by  lixiviation  the  carbonate  of  potash  is  extracted 
from  the  dry  mass. 

Carbonate  of  potash  is  a  deliquescent  salt,  which  is  with  diffi- 
culty obtained  in  oblique  rhombic  octohedral  crystals,  with  i 
equivalents  of  water.  Its  reaction  upon  test  paper  is  strongly 
alkaline;  it  has  an  acrid,  alkaline  taste.  Its  solutions  have  a 
peculiar  lixivial  smell :  loo  parts  of  water  at  60°  dissolve  90  of 
carbonate  of  potash ;  and  at  the  boiling  point  take  up  205  parts, 
or  rather  more  than  twice  their  weight,  of  the  salt.  Alcohol  does 
not  dissolve  it.  Carbonate  of  potash  fuses  by  exposure  to  a  red  heat, 
and  at  a  very  high  temperature  is  partially  volatilized ;  at  a  red 
heat  it  is  decomposed  by  silica,  carbonic  acid  is  expelled  witn 
effervescence,  whilst  the  silica,  uniting  with  the  alkali,  forms  with 
it  a  true  silicate,  the  basis  of  one  of  the  varieties  of  glass.  Advan- 
tage is  taken  of  this  property  in  the  analysis  of  mineral  substances 
which  contain  a  large  quantity  of  silica,  and  which  are  not  easily 
decomposed  by  the  action  of  acids.  For  this  purpose  the  mineral 
to  be  analysed  is  reduced  to  an  extremely  fine  powder  by  careful 
levigation ;  a  portion  of  this  powder  is  accurately  weighed,  and  then 
intimately  mixed  with  about  3  times  its  weight  of  carbonate  of  potash, 
or,  still  better,  with  3  parts  of  a  mixture  of  5^  parts  of  dried  carbonate 
of  soda  and  7  parts  of  carbonate  of  potash ;  the  whole  is  intro- 
duced into  a  platinum  crucible,  and  exposed  to  a  bright  red  heat 
for  an  hour.      The  mass  enters  into  fusion,  carbonic  acid  escapes 
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with  effervescence,  and  a  silicate  of  potasli  is  formed,  by  which 
means  all  the  bases  of  the  mineral,  which  before  were  combined 
Avith  the  silica,  are  set  at  liberty.  Upon  now  treating  the  mass 
with  dilute  hydrochloric  acid,  the  silicate  of  potash  is  decomposed, 
the  earths  and  metallic  oxides  are  dissolved,  and  the  silica  par- 
tially dissolves  and  partially  separates  in  the  hydrated  form.  In 
order  to  decompose  the  hydrate  of  silica,  the  solution  is  evapo- 
rated to  dryness,  and  again  treated  with  acidulated  water;  the 
whole  is  now  placed  upon  a  filter,  and  the  silica,  after  being  well 
washed,  remains  behind  in  a  state  of  purity.  The  analysis  of  the 
filtered  liquid  is  then  finished  according  to  the  ordinary  method 
idopted  for  substances  directly  soluble  in  acids. 

(480)  Alkalimetry. — Since  the  quantity  of  alkaline  carbonate  is 
liable  to  great  variations  in  diflerent  samples  of  the  ash ;  and  since 
the  commercial  value  of  pearlash  depends  upon  the  amount  of 
carbonate  which  it  contains,  a  rapid  and  sufficiently  accurate 
method  of  analysis  of  this  salt  becomes  a  desideratum.  In  order 
to  effect  this  object,  the  process  termed  alkalimetry  has  been  in- 
vented. In  principle  it  depends  upon  the  determination  of  the 
number  of  divisions  of  a  diluted  acid,  of  definite  strength,  which 
100  grains  of  the  different  samples  of  ash  are  capable  of  neutra- 
lizing; the  neutralization  being  estimated  by  the  action  of  the 
solution  upon  ])lue  litmus  paper. 

The  acid  solution  which  is  to  be  employed  is  measured  from  a 
burette  or   alkalimeter,  which  is  a  tube  of  the 
Fig.  290.  form  shown  in  fig.  290.      It  has  an  internal  dia- 

c^^^  meter  of  about  five-eighths  of  an  inch,  and  is  suffi- 

ciently tall  to  contain  rather  more  than  1000 
grains  of  distilled  water.  The  space  occupied  by 
1000  grains  of  water  at  60°  is  marked  off"  and  in- 
dicated as  o,  and  the  tube  is  then  subdivided 
into  100  equal  parts,  each  capable  of  containing 
10  grains  of  water:  opposite  every  tenth  divi- 
sion the  number  corresponding  to  it  is  placed, 
the  numbers  increasing  from  above  downwards. 
Various  plans  have  been  proposed  for  pre- 
paring the  dilute  acid;  the  following  is  substantially  the  same  as 
that  recommended  by  Dr.  Faraday  [Chemical  Manipulation,  third 
edition,  p.  281).  It  has  the  advantage  of  being  readily  applicable 
to  any  alkali. 

A  solution  of  sulphuric  acid  is  prepared  by  diluting  the  ordinary 
commercial  acid  with  eight  times  its  bulk  of  distilled  water;  v.heu 
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cool  the  liquid,  which  may  be  termed  alkalimetric  acid,  should 
have  a  specific  gravity  of  i' 1:^68.  In  order  to  ascertain  whether  the 
strength  of  this  alkalimetric  acid  be  accurately  adjusted,  a  quantity 
of  crystallized  bicarbonate  of  potash  is  fused  in  a  platinum  cnicible 
in  order  to  convert  it  into  the  carbonate  :  the  fused  mass  is  poured 
upon  a  clean  iron  plate,  and  100  grains  of  it  are  quickly  weighed, 
and  dissolved  in  about  3  ounces  of  water  in  a  small  evaporating 
basin.  The  alkalimeter  is  filled  up  to  the  division  6^  with  the 
dilute  acid,  and  then  water  is  to  be  added  until  it  stands  at  the 
mark  o  :  the  acid  and  water  are  to  be  thoroughly  mixed  by  closing 
the  tube  with  the  thumb  and  finger,  then  inverting  and  agitating 
the  tube ;  after  which  the  liquid  is  added  to  the  solution  of  car- 
bonate of  potash,  which  is  to  be  gently  warmed  in  order  to  expel 
the  carbonic  acid  as  it  is  liberated.  A  piece  of  blue  litmus  paper 
is  placed  in  the  basin,  and  the  acid  is  cautiously  added  until  the 
litmus  paper  is  distinctly  but  permanently  reddened.  The  acid 
liquid,  if  properly  diluted,  ought  to  contain,  in  each  division,  suffi- 
cient sulphuric  acid  to  neutralize  i  grain  of  carbonate  of  potash ; 
and  the  entire  contents  of  the  alkalimeter  should,  therefore,  exactly 
produce  this  effect.  If  more  than  100  divisions  of  the  acid  be 
required,  the  test  acid  is  too  weak;  if  less  than  100  divisions,  it  is 
too  strong. 

Suppose  that  95  divisions  of  the  acid  were  sufficient,  the  95 
parts  should  have  occupied  100  of  the  original  diluted  acid,  in  con- 
sequence of  the  alkalimetric  acid,  from  which  it  was  prepared, 
containing  one-twentieth  too  much  acid.  Each  95  measures  of 
this  acid,  therefore,  must  be  diluted  with  5  measures  of  water.  If, 
on  the  other  hand,  more  acid  than  100  divisions  be  required,  say 
1 05  be  needed,  the  acid  contains  one-twentieth  too  much  water ; 
the  35  divisions  of  alkalimetric  acid  used  in  the  experiment  require 
the  addition  of  one-  twentieth  more  of  acid  than  they  originally  con- 
tained, this  one-twentieth  part  is  175,  but  only  one-fifth  of  this  is 
acid,  so  that  0-25  parts  by  weight  of  the  oil  of  vitriol  originally 
used,  must  be  added  to  each  ^tS  parts  by  weight  of  alkalimetric 
acid.  This  correction,  though  not  mathematically  exact,  is  per- 
fectly sufficient  for  all  practical  purposes.  The  alkalimetric  acid, 
when  duly  adjusted,  is  preserved  in  bottles  which  are  accurately 
closed. 

Having  thus  prepared  a  test  acid  of  the  proper  strength,  100 
grains  of  the  sample  of  pearlash  for  trial  is  dissolved  in  3  or 
4  ounces  of  water,  filtered  if  necessary,  and  then  tested  in  the 
same   manner :  the  number   of  divisions   of  acid   consumed    will 
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indicate  the  per-centage   of  carbonate  of  potash   present  in  the 
sample. 

The  same  acid  may  be  employed  to  determine  the  quantity  of 
soda  present  in  any  sample  of  soda-ash ;  but  as  a  certain  weight 
of  soda  neutralizes  a  proportionately  larger  amount  of  acid  than  an 
equal  weight  of  potash,  the  alkalimeter  must  be  filled  to  a  higher 
mark  with  the  acid.  For  the  determination  of  the  quantity  of 
pure  potash  in  any  sample,  the  acid  must  be  filled  to  the  division  49, 
and  the  tube  must  be  then  filled  up  to  o  with  water.  Each  division 
will  then  contain  acid  sufficient  to  neutralize  i  grain  of  caustic  potash. 
If  filled  to  6^,  then  filled  up  with  water,  each  division  will 
correspond  to  i  grain  of  carbonate  of  potash. 

If  filled  to  54*6,  and  then  filled  up  with  water,  each  division 
will  indicate  i  grain  of  dry  carbonate  of  soda :  and  if  filled  to 
23*4,  and  then  water  be  added  to  o,  the  acid  in  each  division  will 
neutralize  i  grain  of  caustic  soda. 

In  estimating  the  value  of  soda-ash,  which  often  contains  sul- 
phide of  sodium  and  hyposulphite  of  soda,  an  error  might  be 
occasioned  by  adopting  this  method,  as  both  the  sulphide  of  sodium 
and  the  hyposulphite  of  soda  would  be  decomposed  by  the  sul- 
phuric acid,  and  would  neutralize  it,  and  thus  would  be  reckoned 
as  caustic  soda. 

The  presence  of  caustic  alkali  in  any  sample  is  easily  ascer- 
tained by  the  action  of  the  solution  upon  nitrate  of  silver :  the 
carbonates  of  the  alkalies  occasion  a  white  precipitate  of  carbonate 
of  silver;  but  if  they  contain  any  caustic  alkali,  a  brown  precipi- 
tate of  hydrated  oxide  of  silver  is  produced.  The  presence  of 
sulphides  in  the  ash  is  immediately  manifested  by  the  odour  of 
sulphuretted  hydrogen  on  neutralizing  with  an  acid;  if  any  sul- 
phide be  present,  it  will  blacken  the  salts  of  silver,  and  interfere 
with  its  application  as  a  test  for  caustic  potash  or  soda. 

(481)  The  proportion  of  carbonic  acid 
in  any  sample  of  alkali  is  readily  ascer- 
tained by  means  of  the  apparatus  em- 
ployed for  the  purpose  by  Will  and 
Fresenius,  represented  in  fig.  291  :  b  is 
a  light  flask,  of  about  3  ounces  capacity, 
in  which  100  grains  of  the  alkali  are 
placed  with  about  i  ounce  of  water :  d  is 
a  similar  flask,  in  which  about  1^  ounces  by 
measure  of  oil  of  vitriol  are  placed.  A  sound 
cork  is  fitted  into  the  neck  of  each  flask,  and  is  pierced  with  two 
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apertures  for  the  reception  of  the  tubes,  a,  c.  and  e_,  all  of  which  are 
open  at  both  ends  :  the  tube,  a,  is  sufficiently  long  to  dip  into  the 
liquid  in  the  flask ;  c  is  a  bent  tube,  the  longer  limb  of  which 
passes  into  the  acid  in  the  flask,  d.  The  outer  extremity  of  «  is 
closed,  during  the  experiment,  by  a  plug  of  wax  or  of  soft  cement. 
The  apparatus  is  charged  in  the  manner  already  described,  and  is 
accurately  weighed  after  it  has  been  connected  together.  A  par- 
tial vacuum  is  now  made  by  applying  the  mouth  to  the  tube,  e, 
and  exhausting  a  portion  of  the  air ;  the  acid  rises  in  the  tube,  c, 
and  passes  over  into  h  to  supply  the  place  of  the  air  which  has 
been  withdrawn ;  effervescence  is  occasioned  by  the  escape  of  the 
carbonic  acid,  which  passes  off"  through  the  tube,  c,  and  is  dried  as 
it  bubbles  up  through  the  oil  of  vitriol  in  the  flask,  d.  As  soon 
as  the  effervescence  has  ceased,  a  fresh  portion  of  acid  is  forced  over 
from  d  into  h  by  again  partially  exhausting  the  air :  and  this  pro- 
cess is  repeated  until  no  further  effervescence  is  occasioned  by  the 
fresh  acid.  The  plug  of  wax  is  now  withdrawn  from  the  tube,  «, 
and  a  current  of  air  is  forced  through  the  apparatus  by  exhausting 
with  the  mouth  at  e,  and  the  carbonic  acid  is  thus  completely  dis- 
placed. The  plug  is  now  replaced  in  the  tube, «,  and  the  apparatus 
is  weighed  a  second  time.  The  difference  between  this  weight 
and  that  obtained  on  the  first  occasion,  indicates  the  amount  of 
carbonic  acid  which  has  been  expelled. 

If  any  sulphide  or  sulphite  of  the  alkali  be  present,  the  error 
which  it  might  occasion  by  loss  of  sulphuretted  hydrogen,  or  of 
sulphm'ous  acid,  in  the  gaseous  state,  and  which  would  be  reckoned 
as  carbonic  acid,  is  prevented  by  mixing  from  20  to  30  grains  of 
neutral  chromate  of  potash  with  the  sample  under  trial :  the 
chromic  acid  which  is  liberated  by  the  subsequent  action  of  the 
sulphuric  acid  upon  the  chromate,  imparts  oxygen  to  the  sulphu- 
retted hydrogen  or  sulphurous  acid,  and  converts  both  into  sul- 
phuric acid,  which  would  be  retained,  and  would  in  no  way 
interfere  with  the  result. 

Carbonate  of  potash  is  largely  consumed  in  the  arts,  as  for 
example,  in  the  manufacture  of  soap  and  of  glass,  and  for  preparing 
caustic  potash  and  other  compounds  of  potash.  It  also  furnishes 
the  chemist  with  one  of  his  most  indispensable  reagents. 

(482)  Bicarboiiate  of  Potash,  (HO,  KO,  2  CO2) ;  Eq,  100; 
Sp.  G^r.  2*052. — By  passing  a  current  of  carbonic  acid  through  a 
strong  solution  of  the  carbonate  of  potash,  crystals  of  the  bicar- 
bonate are  deposited  in  the  form  of  right  rhombic  prisms  ;  they 
are  permanent   in  the   air.      The   solution   of  the  bicarbonate^  if 
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exposed  to  the  atmosphere,  gradually  loses  one-fourth  of  its  carbonic 
acid,  forming  a  sesquicarbonate ;  and  if  boiled,  the  same  change 
occurs  much  more  quickly.  The  bicarbonate  is  converted  into  the 
neutral  carbonate  when  fused  by  means  of  heat.  The  bicarbonate 
of  potash  has  no  alkaline  reaction.  It  may  be  employed  for  pro- 
curing the  compounds  of  potash  in  great  purity,  as,  if  well  crystallized, 
it  is  almost  absolutely  pure,  and  may  be  obtained  in  this  state  with 
less  difficulty  than  any  other  salt  of  potash.  It  is  consumed  medi- 
cinally in  considerable  quantities,  for  making  eifervescing  draughts 
by  the  addition  of  citric  or  tartaric  acid  to  its  solution  in  water. 

(483)  Characters  of  the  Salts  of  Potash. — The  salts  of 
potash,  with  a  colourless  acid,  are  all  colourless.  They  seldom  contain 
any  water  of  crystallization,  yet  many  of  them  are  deliquescent : 
the  carbonate  and  acetate  offer  striking  instances  of  this  peculiarity, 
and  furnish  in  this  respect  a  marked  contrast  to  the  corresponding 
salts  of  soda.  The  salts  of  potash,  when  pure,  if  introduced  upon 
a  platinum  wire  into  the  reducing  flame  of  the  blowpipe,  commu- 
nicate to  it  a  violet  tint ;  the  presence,  however,  of  a  small  quantity 
of  a  salt  of  soda,  masks  this  effect,  in  consequence  of  the  strong 
yellow  flame  occasioned  in  similar  circumstances  by  the  com- 
pounds of  soda.  The  presence  of  potash  in  solution  is  recognised, 
after  the  absence  of  everything  but  soda  has  been  ascertained,  by  the 
following  characters.  1.  If  moderately  concentrated,  a  solution  of 
tartaric  acid  in  excess  causes,  upon  brisk  stirring,  a  white  crystal- 
line precipitate  of  bitartrate  of  potash,  which  is  readily  dissolved 
upon  adding  an  alkali.  2  and  3.  Per  chlorate  or  Carbazotate  of 
soda  has  also  sometimes  been  employed  as  a  test  for  potash,  since 
both  the  perchloric  and  carbazotic  acids  form  potash  salts  of 
sparing  solubility.  These  compounds,  however,  are  all  soluble  to  a 
considerable  extent  in  cold  water,  and  unless  tolerably  strong  solu- 
tions are  employed  they  do  not  immediately  subside.  4.  With  silico- 
fluoric  acid  they  yield  a  transparent  gelatinous  silicofluoride,  which 
forms  a  white  powder  on  drying.  5.  The  most  conclusive  reaction 
however,  is  produced  with  the  bichloride  of  platinum ;  upon  mixing 
a  strong  solution  of  this  salt  with  a  concentrated  one  of  a  salt  of 
potash,  a  yellow  double  salt,  consisting  of  (KCl,  PtClg)  separates  in 
crystals ;  it  is  quite  insoluble  in  alcohol  and  ether,  but  is  slightly 
taken  up  by  cold  water.  It  is  therefore  best  for  analytical  purposes 
to  acidulate  the  solution  suspected  to  contain  potash  with  a  little 
hydrochloric  acid,  and  having  added  a  slight  excess  of  the  solution 
of  bichloride  of  platinum^  to  evaporate  to  dryness  ever  the  water 
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bath,  and  to  wash  the  residue  with  alcohol  as  long  as  anything  is 
dissolved.  This  salt  when  heated  to  redness  is  decomposed,  the 
platinum  loses  its  chlorine,  and  the  chloride  of  potassium  may  be 
dissolved  out  of  the  grey  residue  with  cold  water,  whilst  metallic 
platinum  is  left  behind.  loo  parts  of  the  chloride  of  platinum  and 
potassium  are  equivalent  to  15*98  of  potassium,  or  to  ig'2,6  of  potash. 

§  II.  Sodium, 

Symbolj  Na;  Equivalent,  22'97  j  Specific  Gravity,  0*972. 

(48^  Sodium  may  be  obtained  from  carbonate  of  soda  by  a 
process  analogous  to  that  used  for  potassium.  M.  Deville  recom- 
mends the  employment  of  the  following  mixture  in  the  preparation 
of  sodium : — 

Dried  carbonate  of  soda     ....      717  parts. 

Powdered  charcoal 175     „ 

Finely  powdered  chalk        ....      108     „ 

These  materials  are  mixed  intimately  and  kneaded  into  a  stiff 
paste  with  oil,  and  calcined  in  a  covered  iron  pot :  the  mass  is  then 
introduced  into  an  iron  retort  and  distilled,  with  the  precautions 
described  when  speaking  of  potassium ;  it  ought  to  yield  nearly 
one-third  of  its  weight  of  sodium  :  the  object  of  adding  the  chalk 
is  to  prevent  the  charcoal  from  separating  from  the  carbonate  of 
soda  when  this  salt  fuses. 

Sodium  has  a  bluish  white  colour;  in  appearance  and  pro- 
perties it  much  resembles  potassium,  but  is  somewhat  more  volatile ; 
it  fuses  at  a  temperature  of  1 94°  F.  When  dropped  into  cold  water 
it  decomposes  a  portion  of  it,  extricating  hydrogen,  but  the  gas 
does  not  take  fire  unless  the  water  be  heated  previously. 

The  great  storehouse  of  sodium  is  common  salt,  which  is  met 
with  in  nature  in  extensive  deposits  ;  it  is  also  contained  in  vast 
quantities  in  the  water  of  the  ocean ;  the  immense  quantities  of 
soda  consumed  in  the  arts  are  almost  exclusively  obtained  from 
chloride  of  sodium,  by  a  process  presently  to  be  described. 

(485)  Oxide  of  Sodium,  or  Soda  (NaO,  Eq.  31),  forms  the  basis 
of  the  important  series  of  salts  of  soda.  It  can  be  procured  in  an 
anhydrous  state  by  burning  the  metal  in  dry  air  or  oxygen  gas ;  it 
is  of  a  white  colour,  attracts  moisture  as  greedily  as  the  correspond- 
ing oxide  of  potassium,  and  this  water  cannot  again  be  expelled 
from  it  by  heat.  In  appearance  and  properties  the  hydrate  exactly 
resembles  that  of  potash,  and  may  be  formed  by  a  similar  method. 
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Dalton  gives  the  following  table  of  the  proportion  of  anhy- 
drous soda  which  is  contained  in  solutions  of  soda  of  different 
densities  : — 

Strength  of  Solutions  of  Soda. 


Sp.  gr. 

1-56 
1-50 

i'47 

1-44 

I '40 

1-36 


NaO  in  100 

Sp.gr. 

NaO  in  100 

parts. 

parts. 

.     .     .     4I'2 

1-32     .     . 

.      23-0 

.      .      .     36-8 

1-29     .     . 

.       [9-0 

•     •     .     34"o 

123     .     . 

.     i6"o 

.     •     .     310 

I'lS     .     . 

•   130 

.     .     .     29*0 

1-12       .       . 

.  .    9-0 

.     .     .     26-0 

i'o6     .     . 

.     .       47 

A  sesquioxide  of  sodium  (NaaOg)  appears  also  to  exist. 

The  sulphides  of  sodium  correspond  in  number  with  those  of 
potassium_,  which  they  closely  resemble.  They  may  be  prepared 
by  analogous  methods. 

(486)  Chloride  of  Sodium,  (NaCl);  Eq.  58*5;  Sp.  Gr.  2-011. — 
This  important  and  well  known  compound_,  formerly  called  muriate 
of  soda,  constitutes  common  culinary  or  table-salt.  It  is  found 
native  in  the  solid  form,  and  it  exists  in  solution  in  sea  water  in 
a  proportion  of  about  2*7  per  cent.,,  which  amounts  to  nearly  4 
ounces  per  gallon,  or  to  a  bushel  in  from  300  to  350  gallons. 

The  extraction  of  the  chloride  from  sea  water  was  formerly  prac- 
tised to  some  extent  upon  the  southern  coast  of  our  own  island,  but 
the  manufacture  is  now  unimportant,  though  in  the  southern  coun- 
tries of  Europe  the  preparation  of  bay-salt  is  still  a  branch  of  industry 
of  some  magnitude.  In  conducting  this  process  the  sea  water  is 
allowed  to  run  into  shallow  pools,  the  water  evaporates  and 
becomes  concentrated  by  the  heat  of  the  sun  :  crusts  of  the  salt 
form,  and  are  raked  off  from  time  to  time ;  the  rough  crystals  thus 
obtained  furnish  the  bay-salt  of  commerce.  The  concentrated  sea 
water,  or  bittern,  is  employed  as  a  source  of  bromine.  Con- 
siderable quantities  of  magnesia  are  also  extracted  from  it,  as 
the  chloride  of  magnesium,  being  deliquescent,  remains  in  solu- 
tion. M.  Balard,  who  has  devoted  much  attention  to  the  study  of 
these  mother-liquors,  has  devised  a  method  of  extracting  from 
them  not  only  sulphate  of  magnesia  and  chloride  of  magnesium, 
but  also  an  important  quantity  of  potash,  in  the  form  of  a  double 
sulphate  of  potash  and  magnesia,  as  well  as  of  a  double  chloride  of 
potassium  and  magnesium.  (Regnault,  Cours  de  Chimie,  ii.  192,  &c.) 
The  process  requires  a  careful  attention  to  the  temperature  at 
which  the  crystallizations  are  effected. 
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Immense  beds  of  common  salt  are  met  with  in  Cheshire,  in 
Poland  at  Wielitzka,  and  at  Cardona  in  Spain.  It  has  also  recently 
been  found  in  abundance  near  Belfast.  Near  North wich,  the  prin- 
cipal deposit  of  rock  salt  in  England,  the  mineral  occurs  in  two  beds, 
situated  one  above  another,  separated  by  about  thirty  feet  of  clay 
and  marl  intersected  with  small  veins  of  salt :  the  two  beds  together 
are  not  less  than  sixty  feet  in  thickness,  300  yards  broad,  and  a 
mile  and  a  half  long.  These  beds  occur  in  magnesian  limestone. 
The  celebrated  and  beautiful  mine  of  Wielitzka  contains  sufficient 
salt  to  supply  the  entire  world  for  ages.  It  is  calculated  that  the 
mass  of  rock  salt  here  is  500  miles  in  length,  twenty  miles  broad, 
and  not  less  than  1 200  feet  in  thickness.  This  salt  deposit  occurs 
in  the  chalk  formation.  Chloride  of  sodium  is  sometimes  found 
crystallized,  and  is  then  termed  sal  gem,  or  rock  salt.  The  solu- 
bility of  this  chloride  is  frequently  employed  as  a  means  of  dimi- 
nishing the  labour  of  raising  the  salt  to  the  surface,  water  being 
let  down  into  the  bed  of  salt  and  allowed  to  remain  till  it  has 
become  saturated :  it  is  then  pumped  out,  and  the  brine  is  boiled 
down  and  crystallized.  Some  brine  springs  contain  too  small  a 
portion  of  salt  to  render  it  profitable  to  effect  the  evaporation  by 
heat ;  the  water  in  these  cases  is  therefore  concentrated  by  gradua- 
tion, as  at  Salzburg :  this  process  consists  in  exposing  the  brine, 
diffused  over  a  large  surface,  to  the  air,  by  pumping  it  up  to  a 
height,  and  then  allowing  it  to  trickle  slowly  over  large  stacks 
of  fagots,  piled  in  suitable  buildings,  freely  exposed  to  the  prevail- 
ing wind :  after  this  process  has  been  repeated  eight  or  ten  times, 
the  solution  acquires  a  density  of  about  I'i40,  and  is  sufficiently 
concentrated  to  allow  the  evaporation  to  be  finished  as  usual  by 
the  direct  application  of  heat.  In  the  first  basin  an  insoluble 
double  sulphate  of  lime  and  soda  is  deposited,  partly  in  the  form 
of  mud,  or  schlot,  as  the  Germans  term  it,  partly  in  the  form  of  a 
hard  scale,  which  adheres  to  the  bottom  of  the  pan :  when  the 
liquor  reaches  a  density  of  1*236  it  is  decanted  into  another  pan, 
and  evaporated ;  the  crusts  of  salt  are  removed  as  they  form. 

The  appearance  of  the  salt  varies  according  to  the  rate  at 
which  the  evaporation  is  conducted;  when  boiled  down  rapidly,  it 
forms  the  mealy,  fine-grained  salt  used  upon  our  tables :  if  evapo- 
rated more  slowly,  the  hard,  crystallized  salt  preferred  for  fishery 
purposes  is  obtained.  The  salt  of  commerce  always  contains  a 
certain  proportion  of  chloride  of  magnesium,  which  gives  it  a  slightly 
deliquescent  character,  and  adds  to  the  pungency  of  its  flavour. 

Properties. — Chloride  of  sodium  has  an  agreeable  saline  taste. 
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It  crystallizes  in  colourless  transparent  cubes,  which  are  anhydrous, 
soluble  in  about  3  parts  of  cold  water,  and  scarcely  more  soluble 
at  a  temperature  of  212°.  Water  at  32°  dissolves  35*5  per  cent,  of 
the  salt,  and  at  the  boiling  point  of  the  solution,  41*2  per  cent. 
When  heated  suddenly,  the  crystals  decrepitate  with  violence ;  at  a 
bright  red  heat  they  fuse,  and  by  a  stronger  heat  are  converted  into 
vapour.  Chloride  of  sodium  is  insoluble  in  pure  alcohol,  but  is 
taken  up  in  considerable  quantity  by  dilute  spirit.  By  exposing 
its  solution  to  a  temperature  of  about  14°  F.,  it  crystallizes  in 
hexagonal  tables,  which  contain  4  or  6  equivalents  of  water :  as 
the  temperature  rises,  the  water  separates,  the  crystals  fall  to 
pieces,  and  they  form  a  heap  of  minute  cubes. 

Chloride  of  sodium  is  consumed  in  large  quantities  in  the 
manufacture  of  the  salts  of  soda,  and  is  daily  an  article  of  domestic 
use,  being  indeed  an  essential  constituent  of  the  food  both  of  man 
and  of  animals,  who  languish  if  it  be  supplied  in  insufficient  quantity. 
The  process  of  salting  meat  is  resorted  to  on  account  of  the 
powerful  antiseptic  qualities  of  the  chloride  of  sodium.  In  this 
operation  a  large  quantity  of  the  nutritive  juices  of  the  meat  is 
extracted,  which  when  saturated  with  the  salt  form  the  brine.  Meat 
thus  prepared  is  much  less  digestible  and  nutritious  than  fresh 
meat. 

(487)  Iodide  and  bromide  of  sodium  crystallize  in  cubes,  and 
are  anhydrous :  they  may  be  procured  by  processes  analogous  to 
those  used  for  the  corresponding  compounds  of  potassium;  they 
occur  native  in  sea- water  in  minute  proportions,  but  small  as  these 
proportions  are,  they  furnish  the  commercial  supply  both  of 
bromine  and  of  iodine.  The  iodine,  though  still  less  abundant  than 
the  bromine,  is  obtained  with  greater  facility,  as  many  marine 
plants  appropriate  it  to  their  nutrition,  and  by  burning  them,  it 
remains  in  the  residue :  the  ash  thus  obtained  goes  by  the  name 
of  kelp.      A  ton  of  good  Irish  kelp  furnishes  about  81b.  of  iodine. 

(488)  Sulphate  of  Soda,  (NaO,  SO3  -f  10  aq);  Eq.  71  +  90; 
Sp.  Gr.  anhydrous  J  2*597^  crystallized,  i'469. — This  salt  has  long 
been  known  under  the  name  of  Glauber^s  salt.  It  crystallizes 
usually  in  long,  four-sided  prisms,  terminated  by  dihedral  summits. 
It  is  remarkably  efflorescent,  and  loses  the  whole  of  its  10  equiva- 
lents of  water  by  mere  exposure,  at  common  temperature,  to  the 
atmosphere.  It  has  a  saline,  bitter  taste,  and  is  occasionally  used 
medicinally  as  a  purgative. 

The  solubility  of  sulphate  of  soda  in  water  offers  some  re- 
markable anomalies.     Water,   at   32°,  takes    up    5*02    per  cent. 
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(about  one-twentietli  of  its  weight)  of  the  anhydrous  salt;  the 
quantity  dissolved  rapidly  increases  as  the  temperature  rises ;  at 
60°  it  dissolves  16  per  cent.,  and  at  91°  P.  water  takes  up  about 
half  its  weight  {^o'6^  per  cent.)  of  the  anhydrous  salt;  (the 
crystals  contain  more  than  half  their  weight  of  water,  and  conse- 
quently fuse  on  the  application  of  a  heat  of  100°).  Beyond  91°  F. 
the  solubility  of  the  salt  decreases,  so  that  a  solution  saturated  at 
91°,  by  simply  elevating  its  temperature  to  the  boiling  point,  is 
caused  to  deposit  about  one-sixth  of  the  salt  previously  dissolved, 
in  the  form  of  acute  rhombic  octohedrons,  which  are  anhydrous. 
The  solution  at  its  boiling  point  retains  42*65  per  cent,  of  the 
salt.  It  has  already  been  mentioned  (70)  that  a  boiling,  saturated 
solution  of  this  salt,  if  closed  hermetically,  may  be  kept  for 
months  without  crystallizing,  but  the  moment  air  is  admitted, 
the  whole  becomes  semi-solid  from  the  sudden  formation  of  crystals 
through  the  mass.  Occasionally  a  few  rhombic  prisms,  which, 
according  to  Lowel,  contain  eight  equivalents  of  water,  form  in  the 
mass.  These  crystals  are  more  soluble  than  the  hydrate  with  ten 
atoms  of  water.  It  is  most  probable,  as  Mr.  Graham  observes,  that 
the  salt  exists  in  the  super-saturated  solution  in  the  form  of  the 
eight-atom  hydrate, and  crystaUization  occurs  when  any  circumstance 
occasions  the  formation  of  the  more  usual  and  less  soluble  ten-atom 
hydrate. 

Sulphate  of  soda,  to  which  the  name  of  Thenardite  has  been 
given,  has  been  met  with  nearly  pure  not  far  from  Madrid,  depo- 
sited at  the  bottom  of  some  saline  lakes,  in  anhydrous  octohedra. 
It  has  also  been  found,  not  far  from  the  same  place,  combined 
with  sulphate  of  lime,  as  Glauberite,  in  anhydrous  crystals. 

Preparation. — Sulphate  of  soda  is  made  from  oil  of  vitriol  and 
common  salt  in  enormous  quantities,  under  the  name  of  salt  cake, 
as  a  preliminary  step  in  the  manufacture  of  carbonate  of  soda. 
The  operation  is  carried  on  in  a  reverberatory  furnace,  connected 
with  an  apparatus  for  condensing  the  hydrochloric  acid,  which,  till 
within  the  last  few  years,  was  allowed  to  escape  into  the  atmo- 
sphere to  the  serious  injury  of  vegetation  in  the  surrounding  district. 
One  of  the  best  forms  of  furnace  is  shown  in  section  in  fig.  293  :  the 
course  of  the  flues,  however,  is  not  exactly  such  as  is  there  repre- 
sented :  A,  the  smaller  of  the  two  compartments  which  compose  the 
furnace,  is  of  cast-iron;  into  this  (the  decomposer)  from  five  to 
six  hundred  weight  of  common  salt  are  introduced,  and  an  equal 
weight  of  sulphuric  acid,  of  specific  gravity  1*6,  is  gradually  mixed 
with  it ;  a  gentle  heat  being  applied  to  the  outside,  enormous  volumes 
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of  hydrochloric  acid  gas  are  disengaged,  and  pass  off  by  the  flue,  d, 
to  the  condensing  towers,  e  and  f  ;  these  towers  are  filled  with  frag- 
ments of  broken  coke  or  stone,  over  which  a  continuous  stream  of 

Fig.  292. 


water  is  caused  to  trickle  slowly  from  h  h.  A  steady  current  of 
air  is  drawn  through  the  furnace  and  condensing  towers,  by  con- 
necting the  first  tower  with  the  second,  as  represented  at  g,  and 
the  second  tower  with  the  main  chimney,  k,  of  the  works.  In  the 
first  bed  of  the  furnace,  about  half  the  hydrochloric  acid  is  expelled 
from  the  salt :  the  pasty  mass  thus  produced  is  then  pushed  through  a 
door  for  the  purpose  into  the  roaster ,  or  second  division,  b,  of  the 
furnace.  In  this  state  it  consists  of  a  mixture  of  bisulphate  of  soda 
and  undecomposed  salt.  The  reaction  in  the  first  bed  of  the 
furnace  may  be  represented  as  follows  : 

2  NaCl  +  2  (HO,  SO3)  =  NaCl  +  HO,  NaO,  2  SO3  +  HCl. 

In  the  second  stage  of  the  operation  a  higher  heat  is  required ; 
the  bisulphate  of  soda  then  reacts  upon  the  unchanged  chloride, 
and  the  conversion  into  neutral  sulphate  of  soda  is  complete ;  thus 
NaCl  +  HO,  NaO,  2  SO3  =  HCl  +  2  (NaO,  SO3).  The  hydro- 
chloric acid  gas,  as  it  is  liberated  from  b,  passes  off  through  the 
flue,  dy  and  is  carried  on  to  the  condensing  towers.  Heat  is 
applied  to  the  outside  of  the  roaster,  b  ;  the  smoke  and  products 
of  combustion  circulating  in  separate  flues  around  the  chamber,  in 
the  direction  indicated  by  the  arrows,  but  never  coming  into 
contact  with  the  salt  cake  in  b. 

A  double  sulphate  of  potash  and  soda,  NaO,  SO3  +  3  (KO,  SO3) 
(Penny),  may  be  formed  by  dissolving  the  two  salts  in  water,  and 
evaporating.     Dr.  Gladstone  has  shown  that  the  employment  of  a 
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large  excess  of  sulphate  of  soda  does  not  alter  the  composition  of 
the  salt,  the  sulphate  of  soda  in  excess  crystallizing  in  its  usual  form. 
A  Bisulphate  of  Soda,  (NaO,  HO,  2  SO^;  Eq.  120;  Sp.  Gr. 
2742),  corresponding  to  bisulphate  of  potash,  may  be  formed.  It 
is  more  easily  deprived  of  basic  water  by  heat  than  the  bisulphate 
of  potash.  The  anhydrous  salt,  by  a  stronger  heat  loses  its  second 
equivalent  of  sulphuric  acid,  and  may  be  employed  as  a  convenient 
source  of  anhydrous  sulphuric  acid. 

(489)  Sulphite  of  Soda,  (NaO,  SOg  +  10  aq,  Eq.  634-90),  is 
now  prepared  largely  under  the  name  of  antic/dor e,  for  the  pur- 
pose of  removing  the  last  traces  of  chlorine  from  the  bleached  pulp 
obtained  from  rags  in  the  manufacture  of  paper.  It  is  procured 
by  passing  sulphurous  acid  obtained  by  the  combustion  of  sul- 
phur in  air  over  moistened  crystals  of  carbonate  of  soda,  so  long  as 
the  acid  gas  is  absorbed;  the  mass  is  dissolved  in  water  and 
crystallized.  Sulphite  of  soda  forms  efflorescent  prisms,  which  have 
a  slight  alkaline  reaction  and  a  sulphurous  taste. 

(490)  Nitrate  of  Soda,  (NaO,  NO5,  Eq.  8^,  Sp.  Gr.  2-182), 
occurs  abundantly  on  the  surface  of  the  soil,  in  the  district  of 
Atacama,  in  Peru,  as  nitre  does  in  the  East  Indies.  It  is  a  some- 
what deliquescent  salt ;  it  crystallizes  in  obtuse  rhombohedra,  and 
has  a  cooling,  saline  taste.  When  heated,  it  fuses  at  591°  F.,  and 
at  a  higher  temperature  it  undergoes  decomposition.  It  is  employed 
in  the  manufacture  of  nitric  and  sulphuric  acids,  but  from  its 
deliquescence  cannot  be  substituted  for  nitrate  of  potash  in  gun- 
powder. 

(491)  Carbonate  of  Soda,  (NaO,  COg,  10  aq);  Eq.  53  +  90; 
Sp.  Gr.,  anhydrous,  2*427,  hydrated,  i"454.  —  The  preparation  of 
this  salt  constitutes  one  of  the  most  important  branches  of  chemical 
manufacture  in  this  country,  immense  quantities  of  it  being  con- 
sumed in  the  production  of  glass,  in  the  fabrication  of  soap,  and 
in  the  preparation  of  the  various  compounds  of  soda. 

The  greater  portion  of  the  carbonate  of  soda  formerly  em- 
ployed was  obtained  from  barilla,  which  is  the  ash  furnished  by 
burning  marine  plants.  The  salsola  soda  was  extensively  culti- 
vated for  this  purpose  on  the  southern  coast  of  Spain,  and  on 
being  burnt,  yielded  a  semi-vitrified  mass,  which  contained  from 
twenty-five  to  thirty  per  cent,  of  carbonate  of  soda.  The  salicornia 
was  cultivated  for  a  similar  purpose  on  the  southern  coast  of  France ; 
but  these  sources  of  supply  have  almost  entirely  given  way  to  a 
process  by  which  the  carbonate  may  be  manufactured  from  sea-salt. 

Manufacture, — In  the  process  of  manufacture  a  rough  sulphate 
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of  soda  is  first  formed,  in  the  manner  already  described  (488). 
The  snlphate  of  soda  is  then  mingled  with  chalk  and  powdered 
coal  in  the  proportion  of  3  parts  of  snlphate  of  soda,  3  of  chalk, 
and  2  of  coal ;  and  thrown,  in  quantities  of  abont  two  hundred 
weight  and  a  half  at  a  time,  into  a  hot  reverberatory  furnace,  and 
frequently  stirred,  until  the  mass  is  thoroughly  melted. 

As  the  furnace,  fig.  293,  is   constructed  with  two  doors,  d  e. 

Fig.  293. 


and  a  double  floor,  b  c,  one  charge  is  introduced  at  the  further 
door,  E,  whilst  another,  nearer  the  fire,  is  fusing  at  b  ;  towards  the 
conclusion  of  the  operation  the  mass  melts,  and  effervesces  vio- 
lently from  the  escape  of  carbonic  oxide  gas,  which  burns  with  a 
greenish  or  yellow  flame;  the  mass  is  stirred  briskly  for  a  few 
minutes,  and  when  completely  and  tranquilly  fused,  is  raked,  out 
into  a  square  trough  or  mould ;  when  cold,  this  loaf  is  turned  out_, 
and  forms  ball  soda,  or  black  ash,  containing  about  twenty  per 
cent,  of  pure  soda  mixed  with  unbumed  coal  and  the  oxysulphide 
of  calcium.  In  order  to  extract  the  salts  of  soda  from  it,  the 
black  ash  is  broken  up  into  coarse  fragments,  and  digested  with 
warm  water  for  six  hours,  in  vats  provided  with  false  bottoms  : 
this  washing  is  systematically  carried  on  till  the  soluble  portions 
are  extracted,  the  last  washings  being  employed  to  act  upon 
fresh  portions  of  ball  soda. 

One  of  the  best  forms  of  apparatus  for  the  lixiviation  of  ball 
soda  is  shown  in  fig.  294.  The  principle  on  which  it  is  con- 
structed is  simple,  but  it  admits  of  extensive  application;  for 
in  many  cases  much  of  the  economy  of  a  manufacturing  process  de- 
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penfls  upon  tlie  systematic  washing  of  the  product  in  such  a  manner 
as  to  extract  the  largest  amount  of  soluble  matter  by  means  of  the 

Fig.  294. 


smallest  quantity  of  water.  In  the  case  before  us  this  is  effected 
by  placing  the  material  for  lixiviation,  the  black  ash,  in  perforated 
sheet-iron  vessels,  h  h,  which  can  be  raised  or  lowered  into  outer 
lixiviating  vessels,  also  made  of  iron,  by  means  of  the  cords  and 
pulleys,  I,  K.  Wlien  a  charge  is  received  from  the  furnace  it  is 
introduced  into  the  lowest  vessel,  g,  where  it  is  submitted  to  the 
dissolving  action  of  a  liquid  already  highly  charged  with  alkali  from 
digestion  upon  the  black  ash  contained  in  the  tanks  above  it :  after 
a  certain  time,  this  charge  is  raised  by  the  rope  from  g  into  the 
tank  F,  where  it  is  submitted  to  a  weaker  liquid,  and  so  on,  succes- 
sively. The  alkali  at  each  stage  becomes  more  completely  exhausted, 
and  the  residue  is  successively  submitted  to  the  action  of  weaker 
ley,  till  at  length,  in  a,  it  is  acted  upon  by  water  only,  supplied 
from  the  cistern,  l.  When  fresh  water  is  admitted  from  m,  to  the 
top  of  the  vessel,  a,  as  it  is  specifically  ligliter  than  the  saline  solu- 
tion, it  lies  upon  its  surface,  and  gradually  displaces  the  solution 
from  A,  through  the  bent  tube,  whilst  the  water  takes  its  place ;  the 
liquid  from  a  acts  in  a  similar  manner  upon  that  contained  in  b  ; 
and  this  displacement  proceeds  simultaneously  through  each  succes- 
sive tier  of  the  arrangement,  until  the  concentrated  lev  flows  off 
from  G,  and  is  transferred  to  the  evaporating  pans. 

The  insoluble  residue  contains  almost  the  whole  of  the  sulphur 

3  c  2 
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originally  present  in  the  salt  cake  in  the  form  of  sulphide  of  cal- 
cium_,  together  with  the  excess  of  lime  and  coal  employed.  It 
accumulates  at  the  soda  works  till  it  forms  a  mountain  of  soda 
waste,  to  the  annoyance  both  of  the  neighbourhood  and  of  the 
manufacturer. 

The  water  for  lixiviation  must  not  be  employed  at  too  high 
a  temperature ;  if  it  be,  it  decomposes  the  oxy sulphide  of  calcium. 
A  black  solution  is  thus  obtained^  which  is  allowed  to  settle,  and  is 
then  pumped  up  into  large,  shallow,  iron  pans  for  evaporation. 
A  large  portion  of  the  salt  crystallizes  during  the  ebullition,  and 
is  removed  by  means  of  perforated  ladles.  In  order  to  convert  the 
caustic  soda  which  the  solution  contains  into  carbonate,  it  is  evapo- 
rated to  dryness^  and  after  being  mixed  with  sawdust  is  roasted  in 
a  reverberatory  furnace  :  most  of  the  sulphur  escapes  during  this 
operation  in  the  form  of  sulphurous  acid ;  the  residue  yields  the 
soda  ash,  or  alkali  of  commerce,  which  contains  about  50  per 
cent,  of  pure  caustic  alkali.  If  required  in  crystals,  the  crude  car- 
bonate thus  obtained  is  redissolved,  the  liquid  allowed  to  settle,  and, 
while  hot,  is  run  into  hemispherical  pans,  capable  of  containing  150 
gallons  of  liquid,  and  about  a  ton  of  crystallized  carbonate.  The 
liquid  cools  in  the  oourse  of  five  or  six  days ;  crystals  of  large  size 
are  formed  ;  the  mother-liquor  is  drained  ofi*  by  withdrawing  a  plug 
in  the  bottom,  and  it  is  then  further  evaporated  down,  and  yields 
an  ash  of  inferior  quality. 

The  preparation  of  carbonate  of  soda,  therefore^  comprises  three 
principal  operations : 

I  St.  The  production  of  salt  cake,  or  crude  sulphate  of  soda, 
from  common  salt  by  the  action  of  sulphuric  acid. 

snd.  The  making  of  black  ash,  or  impure  carbonate  of  soda, 
mixed  with  sulphide  of  calcium,  by  deoxidation  of  the  salt  cake 
after  mixture  with  chalk,  by  means  of  carbon. 

3rd.  The  preparation  oi  soda  ash,  or  the  separation  of  the  car- 
bonate of  soda  from  the  black  ash  by  lixiviating  the  latter  in  warm 
"water  and  evaporating  the  solution  to  dryness. 

Of  these  operations  the  most  remarkable  is  the  preparation  of 
the  black  ash,  by  fusion  of  the  sulphate  with  chalk  and  coal. 
The  chemical  changes  which  occur  consist,  first,  in  the  deoxida- 
tion of  the  salt  cake,  and  its  conversion  into  sulphide  of  sodium 
with  evolution  of  carbonic  oxide ;  and  secondly,  in  the  formation 
of  carbonate  of  soda  and  sulphide  of  calcium  by  interchange  of  the 
constituents  of  the  sulphide  of  sodium  and  the  carbonate  of  lime ; 
the  sulphide  of  calcium  being  rendered  completely  insoluble  by  the 
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excess  of  lime  employed.  These  reactions  occur  simultaneously, 
and  may  be  represented  in  the  following  scheme  (omitting  the 
excess  of  lime)  : — 

NaO,  SO3  +  4  C  +  CaO,  CO2  =  NaO,  CO2  +  CaS  +  4  CO ; 

or  more  distinctly,  as  follows  : — 

Formation  of  Black  Ash. 

^    1        /     V  (4  eq.  Carbonic 

4  eq.  Carbon  (24) ~^^; 


oxide  {^6) 


1  eq.  Sulphate  of  (^  ^l'  0^8'" 

J     7     N  -'  1  eq.  Sodmm    .^-w,  .  o  i  i  -i 

soda  (71)  oil,       )  i\\  fi  eq.    Sulphide 

li  eq.  Sulphur  i,6)\—-^)^  of  calcium  (36) 

(1  eq.  Oxygen      (8)  ^^J><^      ^  ^^  ^ 

1  eq.  Chalk  (50)       i  eq.  Calcium   (20)      \\       ,  Parbonate 

I  eq.  Carb.  acid  (22)  -^  \  '  ^%  ^^J^^^^^f 

(of  soda  {S3) 

An  excess  both  of  coal  and  of  chalk  are  always  employed  in  prac- 
tice, as  a  good  deal  of  coal  burns  off  unavoidably,  and  an  excess  ot 
lime  renders  the  sulphide  of  calcium  insoluble.  Many  attempts 
have  been  made  to  recover  the  sulphur  from  the  soda  waste,  bul 
hitherto  without  commercial  success. 

Various  processes  have,  from  time  to  time,  been  proposed  to 
supersede  the  one  just  described,  which  was  invented  by  Leblanc ; 
and  of  late  years  works  on  a  considerable  scale  have  been  esta- 
blished, in  which,  by  roasting  iron  or  copper  pyrites  directly  with 
chloride  of  sodium,  a  sulphate  of  soda  has  been  obtained  without 
the  preliminary  manufacture  of  oil  of  vitriol.  By  the  employment 
of  poor  ores  of  copper  and  tin  it  has  been  found  possible  to  ex- 
tract these  metals  with  advantage  from  materials  which  would  not 
otherwise  have  paid  for  working. 

Mr.  Tilghman  takes  advantage  of  the  decomposition  of  chloride 
of  sodium  in  the  presence  of  alumina  by  steam  at  a  high  tempe- 
rature, in  order  to  obtain  alkali  from  it.  Precipitated  alumina  is 
made  up  into  balls  with  chloride  of  sodium,  and  exposed  to  a  cur- 
rent of  steam  in  a  reverberatory  furnace  strongly  heated.  Hydro- 
chloric acid  is  expelled,  soda  is  formed,  and  combines  with  the 
alumina;  Al203  +  NaCl  +  HO  =  NaO,  Al^Og  +  HCl;  when  cold,  the 
compound  of  alumina  and  soda  is  decomposed  by  a  current  of 
carbonic  acid,  and  the  carbonate  of  soda  is  dissolved  from  the 
alumina,  which  may  be  again  employed  for  the  same  purpose. 

Properties.  —  Carbonate  of  soda  has  a  nauseous  alkaline 
taste ;  it  is  an  efflorescent  salt,  crystallizing  in  large,  transparent, 
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rliomboidal  prisms,  whicli  contain  about  64  per  cent,  of  water, 
and  are  soluble  in  any  proportion  in  hot  water,  and  even  melt  in 
their  water  of  crystallization ;  they  are  also  very  soluble  in  cold 
water.  The  salt  readily  parts  with  its  water,  and  melts  at  a  red 
heat.  Carbonate  of  soda,  when  crystallized  between  62°  and  70°, 
may  be  obtained  in  non-efflorescent  crystals  with  eight  equiva- 
lents of  water:  Mitscherlich  has  also  obtained  it  with  six 
equivalents  of  water.  If  crystallized  above  93°,  according  to  Ber- 
zelius,  a  salt  is  deposited  which  contains  5  equivalents  of  water,  and 
crystallizes  in  forms  derived  from  the  square-based  octohedron, 
whilst  if  crystallized  between  158°  and  176°  four-sided  prisms  are 
produced,  which  contain  only  i  equivalent  of  water. 

(492)  Bicarbonate  of  Soda,  (NaO,  HO,  2  CO2;  Eq,  84; 
Sp.  Gr.  2*192),  is  obtained  by  saturating  a  strong  solution  of  the 
neutral  carbonate  with  carbonic  acid;  the  bicarbonate  crystal- 
lizes in  rectangular,  four-sided  prisms,  which  require  10  parts  of 
water  for  solution  at  ordinary  temperatures ;  and  if  the  solution  be 
heated,  it  loses  one-half  of  the  additional  equivalent  of  carbonic 
acid,  and  is  converted  into  sesquicarbonate. 

A  native  Sesquicarbonate  of  Soda,  (2  NaO,  3  COg,  4  HO, 
Eq.  164),  which,  however,  always  contains  sulphate  of  soda  and  chlo- 
ride of  sodium,  has  been  long  known  in  commerce  as  irona  or 
natron  ;  it  is  chiefly  obtained  as  a  saline  efflorescence  on  the  borders 
of  some  lakes,  of  which  those  of  Egypt  are  the  best  known.  Many 
other  countries,  however,  such  as  those  in  the  neighbourhood  of  the 
Black  and  Caspian  Seas,  as  well  as  Thibet  and  Siberia,  also  furnish 
this  salt.  It  crystallizes  in  rhombic  prisms,  terminated  by  four- 
sided  pyramids;  it  is  less  soluble  than  the  carbonate,  but  more  so 
than  the  bicarbonate,  and  has  a  feeble  alkaline  reaction. 

The  carbonates  of  soda  and  potash,  when  melted  together  in 
the  proportion  of  i  equivalent  of  each,  readily  combine,  and  form 
a  salt  which  fuses  at  a  lower  temperature  than  either  of  its  com- 
ponents.  On  account  of  its  ready  fusibility  this  mixture  is  pre- 
ferred to  carbonate  of  potash  or  carbonate  of  soda  alone,  as  a 
means  of  decomposing  siliceous  minerals  in  analytical  operations 
(479).  If  carbonate  of  soda  be  dissolved  in  solution  of  carbonate 
of  potash  in  excess,  the  solution,  on  evaporation,  yields  transparent 
crystals  which,  according  to  Margu^ritte,  consist  of  2  (NaO,  CO2) 
-hKO,  CO24-18  aq.  The  salt  is  decomposed  if  it  be  attempted  to 
recrystallize  its  aqueous  solution,  carbonate  of  soda  being  deposited. 

(493)  Phosphates  of  Soda. — Phosphoric  acid  forms  with  soda 
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several  crystallizable  salts :  some  account  has  already  been  given 
of  these  salts  (370,  371,  372). 

Neutral  Tribasic  PhosphatCj  or  Suhj^hosphate  of  Soda  (3  NaO, 
PO5,  24  aq)  ;  Eq.  165  +  216;  Sp.  Gr.,  tryst. ^  r62l.  This  salt  is 
prepared  from  the  rhombic  phosphate  by  adding  caustic  soda  to  its 
solution  till  it  feels  soapy  to  the  fingers.  It  crystallizes  readily  in 
small  prisms,  which  effloresce  in  the  air,  and  gradually  absorb 
carbonic  acid. 

Rhombic  Phosphate  of  Soda,  (2  NaO,  HO,  PO5  +  24  aq)  ;  Eq. 
143  +  216;  Sp.  Gr.  crystallized,  i'^2^. — This  salt  is  the  one  from 
which  most  of  the  phosphates  are  formed ;  it  is  the  one  which  has 
been  longest  known,  and  is  that  commonly  called  phosphate  of 
soda.  It  is  best  procured  by  neutraUzing  with  carbonate  of  soda 
the  acid  phosphate  of  lime,  prepared  as  directed  for  obtaining  phos- 
phorus {^6^) ;  carbonate  of  lime  precipitates,  and  is  allowed  to 
subside,  the  clear  liquid  is  then  decanted  from  the  precipitate,  and 
set  aside  to  crystallize.  Phosphate  of  soda  forms  large,  trans- 
parent, efflorescent  rhombic  prisms ;  they  have  a  cooling  saline 
taste,  and  are  soluble  in  4  parts  of  cold  water,  and  very  soluble 
in  boiling  water;  the  solution  has  a  faint  alkaline  reaction.  Dr. 
Clark  found  that  when  this  solution  is  evaporated  at  temperatures 
above  90°  ¥.,  the  salt  crystallizes  with  14  equivalents  of  water; 
in  ])oth  forms  it  is  isomorphous  with  the  corresponding  arseniates 
of  soda.  If  heated  to  300°,  it  loses  all  its  water  of  crystallization  ; 
but  if  redissolved  in  water,  it  may  be  obtained  from  its  solution 
with  all  its  characteristic  properties.  If  a  solution  of  this  phos- 
phate be  mixed  with  free  phosphoric  acid,  until  it  ceases  to  precipi- 
tate cliloride  of  barium,  another  phosphate  is  produced,  formerly 
known  as  the  biphosphate  of  soda  (2  HO,  NaO,  PO5  +  2  aq, 
Eq.  121  +  18);  it  crystallizes  with  difficulty  in  right  rhombic 
prisms,  and  has  a  strong  acid  reaction. 

All  these  are  tribasic  phosphates,  they  precipitate  nitrate  of 
silver  of  a  yellow  colour. 

Pyrophosphate  of  Soda,  (2NaO,  PO3  +  10  aq)  ;  Eq.  134  +  90; 
Sp.  Gr.,  crystals,  1*836. — If  the  rhombic  phosphate  be  ignited  it 
loses  all  its  water,  and  on  then  treating  it  with  water,  a  new  salt 
dissolves,  which  crystallizes  in  prisms.  It  yields  a  dense  white  pre- 
cipitate with  nitrate  of  silver,  which  is  not  changed  by  exposure  to 
light.      Its  solution  has  an  alkaline  reaction. 

Metaphosphate  of  Soda,  (NaO,  PO5) ;  Eq.  103. — If  the  acid 
phosphate,   or   biphosphate,  of   soda  be  heated  to  redness,  all  its 


756  BTBORATE    OF    SODA. 

water  is  expelled,,  tlie  residue  fuses  to  a  clear  glass,  and  on  redis- 
solving,  the  metaphosphate  or  monopliospliate  of  soda  is  obtained. 
It  forms  a  deliquescent  and  very  soluble  salt,  wliicb  has  a  feeble 
but  distinct  acid  reaction  upon  litmus.  It  cannot  be  obtained  in 
crystals.  The  solution  of  tliis  salt  causes,  with  nitrate  of  silver,  a 
white  gelatinous  precipitate;  with  nitrate  of  baryta  or  of  lime 
a  similar  gelatinous  precipitate  is  formed.  This  salt  is  susceptible 
of  various  modifications  by  the  application  of  different  tempe- 
ratures (372). 

(494)  Biborate  of  Soda,  (NaO,  2  BO3+  10  aq  ;  Eq.  loi  +90; 
Sp.  Gr.j  fused  2*367,  crystallized  1740),  is  well  known  in  commerce 
under  the  name  of  borax.  It  is  produced  in  considerable  quan- 
tities in  various  parts  of  the  world,  particularly  in  Thibet,  whence 
for  many  years  the  principal  part  of  the  borax  consumed  was 
supplied.  The  crude  borax,  or  tincal,  is  obtained  by  the  spon- 
taneous evaporation  of  the  waters  of  the  lakes  whence  it  is  derived, 
and  occurs  crystallized  in  flattened  six-sided  prisms,  terminated 
by  trihedral  summits.  These  crystals  are,  however,  very  impure, 
being  covered  with  a  greasy  coating  which  requires  removing;  for 
this  purpose  the  crystals  are  powdered,  thrown  upon  a  filter,  and 
washed  with  a  weak  solution  of  caustic  soda,  which  by  forming  a 
soap  with  the  grease,  dissolves  and  removes  it ;  the  remaining  salt 
is  dissolved  in  water.  Carbonate  of  soda  equal  to  one-eighth  the 
weight  of  the  borax  is  added  to  the  solution,  a  copious  precipitate 
ensues,  the  liquid  is  cleared  by  filtration,  and  allowed  to  cool  very 
slowly :  the  borax  is  deposited  in  rectangular  or  in  six-sided 
prisms,  containing  10  equivalents  of  water. 

A  large  quantity  of  borax  is  now  manufactured  from  the 
boracic  acid  obtained  from  the  lagoons  of  Tuscany,  by  saturating 
it  with  carbonate  of  soda,  and  allowing  the  salt  to  crystallize.  In 
the  course  of  this  operation  the  crude  boracic  acid  is  mixed  with 
about  half  its  weight  of  soda  ash,  and  is  thrown  in  quantities  of 
about  three  hundred  weight  at  a  time  upon  the  floor  of  a  reverberatory 
furnace;  the  mixture  soon  frits  and  effervesces,  and  must  be  well 
stirred  during  the  process  :  a  quantity  of  carbonic  acid,  of  ammonia, 
and  of  organic  matter  which  always  accompanies  the  boracic  acid,  is 
got  rid  of  in  this  operation.  The  fritted  mass  is  then  lixiviated  in 
deep  iron  boilers.  Here  the  solution  is  allowed  to  remain  at  rest  in 
order  to  allow  the  impurities  which  consist  chiefly  of  alumina,  car- 
bonate of  lime,  and  some  silica,  to  subside ;  and  the  liquid,  when 
brought  to  a  specific  gravity  of  i'i66,  is  drawn  off  into  wooden 
tanks,  lined  with  lead,  where  the  mass  cools  very  slowly.      The  large 
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crystals  in  which  borax  is  ordinarily  sold,  require  much  care  to 
obtain  them,  they  are  procured  only  by  operating  on  very  large 
masses  of  the  salt.  Borax  may  also  be  obtained  in  octohedral 
crystals,  which  contain  5  equivalents  of  water,  if  the  salt  be 
allowed  to  crystallize  from  a  solution  of  specific  gravity  i'2^6j  at 
a  temperature  between  174°  and  133°  F. 

Borax  has  a  feeble  alkaline  taste  and  reaction.  The  pris- 
matic crystals  are  soluble  in  about  half  their  weight  of  boiling  water, 
and  in  1 2  parts  of  cold  water  :  they  are  slightly  efflorescent.  When 
heated,  borax  bubbles  up,  loses  its  water,  and  melts  below  redness 
into  a  transparent  glass ;  this  glass  dissolves  many  metallic  oxides 
which  often  impart  intense  and  characteristic  colours  to  the  bead. 
Borax  is  hence  much  used  as  a  test  before  the  blowpipe  for  reco- 
gnising the  presence  of  certain  metallic  oxides.  For  this  purpose  a 
small    crystal    of   borax   is 

fused  upon  the  end  of  a  bent  ^i<^-  295. 

platinum  wire,  as  shown  in 
fig.  295,  and  a  minute  quan- 
tity of  the  substance  to  be 
tested  is  melted  with  the 
salt  in  the  flame  of  the 
blowpipe  :  the  colour  of  the 

glass  varies  according  as  the  bead  is  heated  in  the  oxidizing 
or  in  the  reducing  flame  (404).  The  power  which  borax  possesses 
of  dissolving  the  metallic  oxides  renders  it  advantageous  in  the 
process  of  soldering  oxidizable  metals,  to  sprinkle  the  metallic 
surfaces  with  powdered  borax;  on  the  application  of  heat  the 
borax  melts  as  well  as  the  solder,  and  the  film  of  oxide  which 
would  otherwise  prevent  the  adhesion  is  removed  from  the  pieces 
of  metal  at  the  moment  the  alloy  is  presented  to  unite  them. 
Borax  is  used  in  the  arts  as  a  flux,  and  by  the  refiner  in  the 
melting  of  gold  and  silver.  In  making  enamels  it  is  frequently 
added  for  the  purpose  of  rendering  the  compound  more  fusible,  and 
it  is  largely  employed  in  fixing  colours  on  porcelain. 

Other  borates  of  soda  may  be  formed,  but  the  biborate  is  the 
only  salt  of  any  practical  importance;  the  quadriborate  (NaO,  4  BO3) 
crystallizes  with  great  difficulty :  a  neutral  borate  may  be  obtained 
by  fusing  i  equivalent  of  ordinary  borax  with  i  equivalent  of  car- 
bonate of  soda;  it  crystallizes  in  oblique  prisms  (NaO,  BO3  8  aq). 

(495)  Silicates  of  Soda. — When  finely  divided  silica  is  gradually 
added  to  fused  carbonate  of  soda,  carbonic  acid  is  evolved  with  effer- 
vescence, and  for  each  equivalent  (SiOa)  of  silica  added,  one  equi- 
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valent  of  carbonic  acid  is  displaced^  a  neutral  silicate  of  soda 
(NaO,  SiOg)  being  formed.  A  compound  of  similar  composition 
is  obtained^  if  carbonate  of  potash  be  substituted  for  carbonate  of 
soda.  Fritsche  obtained  a  neutral  silicate  (NaO_,  SiOa  9  aq)  by 
dissolving  in  a  strong  solution  of  hydrate  of  soda  a  quantity  of 
silica^  equal  in  weight  to  the  anhydrous  soda  present  in  the  liquid  : 
it  crystallizes  sometimes  with  6,  sometimes  with  9  equivalents 
of  water.  When  a  concentrated  solution  of  carbonate  of  soda  is 
boiled  with  finely  divided  silica,  a  large  proportion  of  the  silica  is 
dissolved,  a  gelatinous  precipitate  separates  from  the  clear  liquid 
as  it  cools,  which,  according  to  Forchhammer,  consists  of  NaO, 
^6  SiOg.  Other  silicates  have  been  obtained,  to  which  the  formulse 
(2  NaO,  5  SiOa),  (NaO,  3  SiO^)  and  (NaO,  4  SiOa)  have  been 
assigned.  It  is  difficult,  however,  to  prove  the  existence  of 
the  three  compounds  last  named.  The  neutral  silicate  has  the  pro- 
perty of  dissolving  in  an  excess  of  fused  carbonate  of  soda,  and  the 
glass  which  is  clear  and  transparent  while  hot,  becomes  opaque  on 
cooling ;  but  the  same  silicate,  if  heated  sufficiently  with  an  excess 
of  silicic  acid,  melts,  and  forms  a  homogeneous  mixture,  which 
yields  a  transparent  glass  on  cooling,  the  fusibility  decreasing  as 
the  proportion  of  silica  increases,  until  when  the  quantity  of  silica 
amounts  to  9  equivalents,  the  heat  of  a  forge  is  required  for  its 
fusion.      These  silicates  are  all  more  or  less  soluble  in  boiling  water. 

A  peculiar  silicate,  which  has  received  the  name  of  soluble  glass, 
is  prepared  by  melting  together  8  parts  of  carbonate  of  soda,  or  10 
of  carbonate  of  potash,  with  1 5  of  pure  quartz  sand  and  i  part  of 
charcoal ;  the  charcoal  reduces  the  carbonic  acid  to  carbonic  oxide, 
and  facilitates  the  decomposition  of  the  alkaline  carbonate  :  a  black 
glass  is  thus  obtained,  which  is  not  soluble  in  cold  water,  but  is 
almost  completely  dissolved  by  5  or  6  times  its  weight  of  boiling 
water.  M.  Fuchs,  who  first  prepared  this  compound,  has  applied 
its  solution  to  diminish  the  combustibility  of  wood  and  woven 
stuffs;  a  kind  of  fusible  varnish,  which  is  slightly  hygroscopic, 
is  formed  over  the  surface  of  the  material,  and  the  access  of 
atmospheric  air  to  the  fibre  during  combustion  is  impeded. 

When  heat  is  applied  to  the  alkaline  silicates,  they  do  not  at 
once  become  liquid,  but  pass  through  an  intermediate  viscous  stage ; 
they  impart  this  viscidity,  and  the  transparency  which  they  preserve 
on  cooling,  to  many  other  silicates  if  they  are  fused  with  them, 
and  they  destroy  the  tendency  to  crystallize  on  solidifying  which 
the  earthy  and  metallic  silicates  possess.      This  property  is  of  the 
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highest  importance  to  mankind_,  for  upon  it  depend  the  most  valuable 
properties  of  glass — ductility,  which  enables  it  to  be  moulded 
whilst  in  this  intermediate  state,  and  transparency,  which  renders 
it  applicable  to  a  multitude  of  important  uses.  The  alkaline  sili- 
cates are  unable  alone  to  resist  the  action  of  water  and  other 
solvents  sufficiently  to  fit  them  for  many  of  the  applications  of 
glass  ;  but  when  combined  with  silicates  of  the  earths,  and  certain 
metallic  oxides,  mixtures  may  be  obtained  after  fusion  which  are  no 
longer  soluble  in  water  or  in  acids. 

Glass, 

(496)  The  composition  of  glass  differs  considerably  with  the 
nature  of  the  purposes  to  which  it  is  destined,  but  it  consists 
mainly  of  mixtures,  in  varying  proportions,  of  silicates  of  potash, 
soda,  lime,  baryta,  magnesia,  alumina,  and  lead,  coloured  by  the 
addition  of  small  quantities  of  different  metallic  oxides,  particularly 
those  of  iron,  manganese,  cobalt,  uranium,  and  gold. 

The  degree  of  fusibility  of  these  different  silicates  varies  con- 
siderably. The  silicates  of  lime  and  of  magnesia  fuse  when  heated, 
per  se,  with  great  difficulty  :  the  most  fusible  compound  contains 
2  equivalents  of  base  to  3  of  acid,  the  quantity  of  oxygen  in  the 
base  being  to  that  in  the  silicic  acid  as  1  is  to  3.  The  silicates  of 
protoxide  of  iron,  2  FeO,  3  SiOg,  and  of  manganese,  are  readily  fused, 
and  crystallize  on  cooling.  The  silicate  of  lead,  2  PbO,  3  SiOg,  is 
still  more  fusible,  and  on  cooling  forms  a  yellow,  transparent  glass. 
On  the  other  hand,  silicate  of  alumina,  AI2O3,  2  SiOg,  is  nearly 
infusible  in  the  fui'nace. 

All  these  silicates,  however,  when  mixed  with  each  other,  or 
with  the  alkaline  silicates,  melt  at  considerably  lower  temperatures, 
the  fusing  point  being  generally  much  below  that  of  the  mean  of 
the  different  silicates  employed.  The  silicates  of  lime  and  alu- 
mina are  nearly  infusible  when  separate,  but  they  melt  readily  after 
they  have  been  mixed  together. 

Many  of  the  properties  of  glass  are  familiar  to  all.  It  is  a 
transparent,  brittle  solid,  more  or  less  fusible,  and  just  before 
fusion  possessed  of  remarkable  ductility,  a  property  which  enables 
the  workman  to  fashion  it  into  the  numberless  forms  which  luxury 
or  convenience  dictate. 

The  different  varieties  of  glass  are  not  to  be  regarded  as  definite 
compounds,  but  as  mixtures  of  various  silicates  in  different  propor- 
tions, with  an  excess  of  silica.      It  is  generally  found,  however,  in 
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the  best  kinds  of  glass  that  the  mixtures  are  usually  very  nearly 
in  such  proportions  that  very  little  silica  remains  in  the  uncombined 
form.  The  proportion  of  silica  to  the  bases  is  most  conveniently 
expressed  by  ascertaining  the  proportion  which  the  oxygen  of  the 
bases  bears  to  that  of  the  silicic  acid.  The  subjoined  table  gives 
the  result  of  some  analyses  of  the  more  important  kinds  of  glass  : — 

Composition  of  Different  Varieties  of  Glass  in  lOO  parts. 


Dumas. 

Richardson, 
dow. 

Dumas.       Berthier. 
Plate. 

Rowney. 
Glass  tube. 

Bottle. 

V^in 

Silica  .... 

French. 

French. 

EngUsh. 

French. 

Venetian. 

Bohemian. 

53-55 

69-65 

66-37 

73-85 

68-6 

73-13 

Potash      .     .     . 

5-48 

550 

6-9 

11-49 

Soda    .... 

1522 

14*23 

12-05 

8-1 

3-07 

Lime    .... 

29-22 

i3'3i 

11-86 

5-60 

iro 

10-43 

Magnesia      .     . 

2-1 

0-26 

Alumina  .     .     . 

6-OI 

1-82 

8-i6 

3-50 

1-2 

0-30 

Oxide  of  iron    . 

5'74 

0-2 

0-13 

Oxide  of  man-  ) 
ganese.           ] 

o-i 

0-46 

Eatio    of    the 

oxygen  in  the 
bases  to  that 

I  :  2 

T  :4 

2:  7 

I  :  7 

I  =  5 

I  :6 

in  the  silica     J 

Silica  .... 
Potash      .     .     . 
Lime    .... 
Alumina  .     .     . 
Oxide  of  lead     . 
Oxide  of  tin 

Dumas. 

Faraday. 

English 
flint. 

Dumas. 

Bohemian 
goblet. 

Crown. 

Guinand's 
optical. 

Strass. 

Enamel. 

69-4 

11-8 
9-6 

62-8 
22-1 
12-5 

2-6 

51-93 
13-67 

33-28 

425 
II-7 

05 

1-8 
43-5 

38-1 
7-9 

i-o 
530 

31-6 

8-3 

50-3 
9-8 

Eatio    of    the^ 
oxygen  in  the 
bases   to  that 
in  the  silica     , 

I  :  4 

I  ^5 

T  :  6 

I  :  4 

2:7 

3:  7 

(497)  Glass  in  which  Silicates  of  Potash  and  Lime  predominate. 
— The  silicates  of  potash  and  lime  are  the  principal  components 
of  the  celebrated  Bohemian  glass^  including  the  variety  which  is 
employed  in  the  preparation  of  the  hard  glass  of  difficult  fusibility, 
so  much  prized  in  the  laboratory  in  the  tubes  used  for  the  com- 
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bustion  of  organic  compounds :  the  composition  of  this  glass  may 
be  represented  approximatively  by  the  formula,  KO,  3  SiOg  +  CaO, 
3  SiOa,  part  of  the  potash  having  its  place  supplied  by  soda,  and 
part  of  the  lime  by  magnesia,  alumina,  and  traces  of  iron  and 
manganese.  The  more  fusible  glass  which  is  employed  in  the 
manufacture  of  the  beautiful  ornamental  objects,  for  which  Bohemia 
has  long  been  distinguished,  contains  silicate  of  alumina,  with 
silicates  of  potash  and  lime  in  a  proportion  which  approaches 
KO,  Si02  +  2  (CaO,  SiOa)  +  (AlA.  3  SiO^).  The  crown  glass, 
employed  for  optical  purposes,  has  nearly  the  formula  KO,  Si02  + 
CaO,  SiOa-  (Dumas :  Ann.  de  Chimie,  II.  xliv.)  In  the  last  two 
cases  the  proportion  of  oxygen  in  the  bases  to  that  in  the  silica  is 
very  nearly  as  i  :  4. 

In  the  finer  kinds  of  glass  potash  is  always  employed  in  pre- 
ference to  soda,  as  the  glass  made  from  soda,  however  carefully  the 
materials  are  selected,  has  a  bluish-green  tinge,  which  is  not 
observed  when  potash  is  used. 

(498)  Glass  consisting  of  Silicates  of  Soda  and  Lime. — French 
plate  glass  and  ordinary  window  glass  are  the  most  important 
varieties  of  this  description.  Plate  glass  is  very  fusible,  although 
the  oxygen  of  the  bases  which  it  contains  is  only  about  one-sixth  of 
that  of  the  silicic  acid.  Soda  produces  a  more  liquid  compound 
than  potash.  Care  must  be  taken  not  to  employ  an  excess  of  lime, 
as  it  is  liable  to  render  the  glass  milky  on  cooling,  although  it  may 
be  perfectly  transparent  whilst  hot. 

Great  care  is  required  in  the  selection  of  the  materials  em- 
ployed in  the  manufacture  of  the  finer  kinds  of  glass.  The  in- 
gredients used  in  the  plate  glass  of  St.  Gobain  are  the  following 
(Regnault)  : — 

300  parts  of  white  quartzose  sand, 
100       „        dry  carbonate  of  soda, 
43        „        lime,  slaked  by  exposure  to  the  air, 
300       „        fragments  of  broken  glass  from  previous  meltings. 

The  fuel  employed  in  the  furnace  is  wood. 

These  materials  are  intimately  mixed,  and  then  melted  in  a 
large,  deep,  conical  crucible,  in  which  they  are  allowed  to  stand  at  a 
high  temperature,  for  several  hours,  after  they  have  been  completely 
fused,  in  order  that  the  impurities  may  subside.  Quantities  of  this 
mixture  sufficient  for  casting  a  single  sheet  are  then  removed,  by 
means  of  copper  ladles,  into  a  smaller  square  crucible,  termed  the 
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cuvette."^  'V\Tien  the  glass  is  thoroughly  melted^  the  cuvette  is 
removed  from  the  furnace  by  a  crane,  and  the  glass  is  cast  by 
pouring  it  upon  a  solid  table  of  cast-iron ;  along  the  edge  of  this 
table  are  metal  ledges,  to  regulate  the  thickness  of  the  sheet  of  glass  ; 
the  molten  mass  is  immediately  formed  into  a  plate,  and  spread 
by  means  of  a  heavy,  hollow,  metallic  roller.  These  sheets  are  next 
annealed  by  being  placed  in  a  heated  oven,  and  allowed  to  cool  very 
slowly  down  to  the  temperature  of  the  air;  an  operation  which 
requires  from  a  week  to  a  fortnight  for  its  completion.  They  are 
then  levelled  by  cementing  one  plate  with  plaster  of  Paris  upon 
a  slab,  and  causing  a  second  plate  to  move,  by  machinery,  over  the 
surface  of  the  first,  the  grinding  material  being  fine  sand  and 
water ;  a  level  surface  having  been  thus  obtained,  it  is  smoothed 
by  emery  of  gradually  increasing  fineness,  and  the  final  polish  is 
given  by  friction  with  finely  levigated  colcothar,  or  peroxide  of  iron. 

Window  glass  is  made  of  a  mixture  of  lOO  parts  of  sand,  with 
from  35  to  40  of  chalk,  30  to  ^^  of  soda  ash,  and  from  50  to  150 
of  broken  glass,  or  cullet.  An  equivalent  amount  of  the  cheaper 
sulphate  of  soda  may  be  substituted  in  this  mixture  for  the  car- 
bonate, as  at  a  very  elevated  temperature  the  silicic  expels  the 
sulphuric  acid;  this  decomposition  may  be  facilitated  by  mixing 
the  sulphate  with  about  a  tenth  of  its  weight  of  charcoal;  the 
sulphate  is  thus  reduced  to  the  form  of  sulphite  of  soda,  which 
loses  its  acid  at  a  lower  temperature  than  the  sulphate. 

When  carbonate  of  soda  is  used,  the  materials  are  first  sub- 
jected to  a  heat  insufficient  completely  to  fuse  the  mass,  and  are 
fritted  together,  or  heated  until  they  agglomerate;  moisture  is 
thus  completely  expelled,  and  a  part  of  the  carbonic  acid  is  got 
rid  of;  the  frothing  up  of  the  mixture  in  the  subsequent  fusion, 
due  to  the  expulsion  of  the  carbonic  acid,  is  also  diminished,  and  the 
loss  of  alkali  by  volatilization  is  considerably  lessened.  The  fritted 
mass  is  then  transferred  to  other  pots,  and  the  temperature  of  the 
furnace  is  raised  until  complete  fusion  is  effected.  The  mixture, 
after  it  has  been  thoroughly  melted,  is  allowed  to  stand,  in  order 
that  the  bubbles  of  air  may  escape,  and  that  the  mass  may 
become  uniform  in  composition  :  the  excess  of  sulphate  of  soda  or 
of  chloride  of  sodium  which  may  have  escaped  decomposition  rises 
to  the  surface  and  is  skimmed  off",  forming  what  the  manufacturer 
terms  glass-gall  or  sandiver.     The  glass  is  then  allowed  to  cool 


*  In  the  Thames  Plate-glass  Works,  the  glass  is  melted  in  the  same  pot  as 
that  from  which  it  is  poured  in  casting.  The  pots  are  cylindrical,  and  not 
square,  and  the  fuel  employed  is  coal. 
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until  it  assumes  the  pasty,  tenacious  condition  required  for  the 
manipulations  of  the  glass-blower. 

(499)  Silicates  of  Alumina^  Lime,  Iron,  Magnesia,  and  Soda  or 
Potash. — The  inferior  descriptions  of  glass  which  are  used  for 
making  wine  bottles,  carboys,  and  other  articles  in  which  a  dark 
colour  is  unimportant,  consist  of  a  mixture  of  these  silicates.  The 
materials  employed  are  of  a  coarser  kind  than  those  used  in  the 
preceding  varieties  of  glass.  A  ferruginous  or  ochry  sand,  mixed 
with  soapmaker's  waste,  are  common  ingredients.  Mr.  Pellatt 
gives  the  following  as  a  composition  employed  in  making  bottle 
glass: — Sand,  loo  measures;  soaper's  waste.  So;  gas  lime,  80; 
common  clay,  5 ;  and  rock  salt,  3  measures.  The  ordinary 
English  bottles  are  of  an  olive-green  colour,  produced  by  the 
presence  of  protoxide  of  iron;  while  some  of  the  German  bottles 
are  of  a  pale  brown,  resulting  from  a  mixture  of  the  oxides  of 
ii'on  and  manganese.  Bottle  glass  contains  a  smaller  proportion 
of  silica  than  any  of  the  preceding  varieties.  One  specimen, 
analysed  by  Dumas,  presented  a  composition  which  would  be 
approximatively  represented  by  the  formula^ 

6  [(CaK)  O,  SiO^]  +(AlFe)2  03,  3  SiO^; 

whilst  in  a  second  specimen  the  composition  would  be  more  nearly 
represented  by  6  [(CaK)  O,  SiO^]  +  2  (AlFe)2  O3,  3  SiOa-  The 
oxygen  of  the  bases,  in  the  first  instance,  being  in  the  proportion 
to  that  of  the  silicic  acid  as  i  to  2,  and  in  the  second  case  nearly 
as  2  to  3. 

(500)  Bottle  glass  is  particularly  liable  to  become  devitri- 
fied  by  slow  cooling,  and  to  be  converted  into  what  is  termed 
Reaumur's  porcelain.  In  order  to  produce  this  efiect,  the  glass 
may  be  imbedded  in  sand,  or,  still  better,  in  a  mixture  of 
gypsum  and  sand,  and  heated  up  to  a  point  sufficient  to  soften  it, 
but  just  short  of  that  required  for  its  fusion.  If  it  be  now  allowed 
to  cool  very  slowly,  it  will  be  found  to  have  entirely  altered  its 
aspect  and  properties;  having  become  opaque  and  milk-white, 
and  much  resembling  porcelain  in  appearance.  It  is  now  some- 
what less  fusible  and  less  liable  to  crack  on  the  application  of 
sudden  changes  of  temperature,  and  is  much  harder  than  the  glass 
from  which  it  was  procured.  It  is  a  bad  conductor  of  heat,  but 
conducts  electricity  to  a  considerable  extent,  being  comparable  in 
this  respect  to  marble  (Pelouze).  This  alteration  appears  to  be 
due  to  the  partial  separation  of  certain  silicates,  particularly  of  the 
silicates  of  lime  and  alumina,  and  their  assumption  of  a  more  or 
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less  definite  crystalline  form.  This  crystallization  is  sometimes 
very  beautifully  and  perfectly  exhibited  in  the  residues  at  the 
bottom  of  the  glass  pots_,  which  are  allowed  to  cool  down  with 
great  slowness  and  regularity.  Nodules  of  opaque  radiated  crystals 
are  tliere  often  found  surrounded  by  a  transparent  glass.  A 
mass  of  these  opaque  crystals,  analysed  by  Dumas,  presented  a 
composition  which  corresponded  with  the  formula  18  [(CaNa)  O, 
%  SiOa]  +  2(Al203)  9  SiOg;  the  transparent  glass  from  which  they 
separated  contained  '>;^  per  cent,  less  of  silica,  1*4  less  alumina, 
and  a  proportionately  larger  quantity  of  soda. 

The  devitrification  of  glass  has  recently  been  made  the  subject 
of  experiment  by  Pelouze  [Chem.  Gaz.,  Aug.  1855).  He  finds 
that  the  same  sheet  of  glass  may  be  devitrified,  and  again  rendered 
transparent  by  fusion,  many  times  in  succession.  Glass  of  any 
description  may  be  devitrified,  but  the  finer  kinds  of  potash 
glass  exhibit  this  phenomenon  witli  difficulty.  Pelouze  found 
that  the  throwing  in  of  a  small  quantity  of  sand,  or  even  of 
powdered  glass,  into  a  pot  which  had  cooled  down  to  the  viscid 
condition,  greatly  promoted  the  devitrification  of  the  mass.  The 
soluble  soda  glass  of  Fuchs,  which  contains  4  equivalents  of 
silica  to  I  of  base  (NaO,  4  ^iO^)  is  especially  liable  to  devitrifi- 
cation from  crystallization. 

(501)  Silicates  of  Potash  and  Lead. — The  ordinary  white  glass 
in  use  in  this  country,  commonly  known  as  flint  glass  (the  cynstal 
of  French  writers),  consists  almost  entirely  of  these  silicates.  The 
oxide  of  lead  imparts  a  greater  degree  of  fusibility  and  density,  as 
well  as  a  high  refractive  and  dispersive  power,  in  consequence  of 
which  such  glass,  from  its  superior  brilliancy,  is  better  fitted  for 
the  manufacture  of  ornamental  articles,  and  from  its  greater  softness 
is  more  easily  cut  and  polished.  Lead  glass  has,  however,  the 
inconvenience  of  being  readily  scratched,  and  it  is  liable  to  tarnish 
and  change  colour,  especially  if  the  proportion  of  alkali  be  large. 
According  to  Dr.  Faraday^s  experiments,  English  flint  glass  con- 
tains one-third  of  its  weight  of  oxide  of  lead ;  it  may  be  represented 
very  nearly  by  the  formula,  KO,  3  SiOg  4-  PbO,  3  SiOg.  In  a 
specimen  from  Newcastle,  examined  by  Berthier,  the  proportion  of 
silicate  of  lead  was  larger.  This  glass  corresponded  nearly  to 
2  (KO,  3  SiOg)  +  3  (PbO,  3  SiOg).  The  composition  of  flint 
glass,  however,  is  liable  to  considerable  variation,  even  in  different 
parts  of  the  same  pot,  the  lower  portions  having  generally  a  greater 
density  than  those  in  the  upper  part  of  the  pot.  This  arises  from 
the  density  of  the  oxide  of  lead  being  much  greater  than  that  of 
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the  other  materials,  so  that  it  is  extremely  diffieult  to  preserve  a 
uniform  mixture.  Dr.  Faraday  found,  for  example,  that  glass 
taken  from  the  top  of  pots  not  more  than  six  inches  deep,  might 
have  a  density  of  3*28,  while  that  from  the  bottom  might  have  a 
density  of  3-85  ;  in  one  instance,  the  glass  at  the  top  had  a  density 
of  3'8i,  that  at  the  bottom  of  475;  and  though  these  are  ex- 
treme differences,  there  is  no  doubt  that  similar  variations  occur 
in  every  pot  of  glass  made  in  the  usual  way.  This  variation  in  the 
density  of  the  glass  occasions  great  inconvenience  in  its  application 
to  the  construction  of  optical  instruments,  owing  to  the  difference  of 
its  refracting  power  in  different  portions  of  the  same  mass ;  and 
many  endeavours  have  been  made  to  overcome  these  defects.  A 
lead  glass  of  still  higher  refracting  power  was  made  by  M.  Guinand, 
in  which  the  proportion  of  lead  was  very  large,  the  formula  being 
very  nearly  2  KO,  3  Si02  +  3  (PbO,  2  SiOa),  the  proportion  of 
oxygen  in  the  bases  being  to  that  in  the  silica  as  i  to  4 :  its  spe- 
cific gravity  was  3'6i.  Dr.  Faraday  [Phil.  Trans.,  1830,  p.  10) 
proposed,  for  a  similar  purpose,  a  compound  of  silicate  and  borate 
of  lead,  the  density  of  which  is  5*44  :  this  glass  has  a  pale  lemon- 
yellow  tint,  and  consists  of  3 (PbO,  SiOg)  +  3  PbO,  BO3.  Of  late 
years  a  borosilicate  of  zinc  has  been  introduced  by  MM.  Maez 
and  Clemandot  into  the  glass  used  for  optical  purposes,  with 
considerable  success. 

Much  of  the  success  in  the  preparation  of  glass  for  optical 
purposes  depends  upon  the  selection  of  pure  materials,  and  also 
on  their  complete  incorporation.  The  plan  which  succeeds  best 
in  attaining  the  latter  object  was  introduced  by  M.  Guinand. 
After  the  fusion  is  complete,  the  melted  glass  is  thoroughly 
stirred  with  a  paddle  of  crucible  clay ;  the  crucible  and  its  contents 
are  then  allowed  slowly  to  cool  down  in  the  furnace ;  when  cold, 
the  pot  is  broken,  and  the  mass  of  glass  cut  horizontally  into 
slices,  by  which  means  pieces  of  uniform  density  may  generally 
be  obtained.  A  good  optical  glass  may  be  made  from  a  mixture  of 
100  parts  of  pure  sand,  100  of  minium,  and  30  of  refined  pearlash. 

The  oxide  of  lead  which  is  employed  in  the  manufacture  of 
flint  glass  is  not  ordinary  litharge  (758),  but  minium  or  red  lead 
(759),  which  is  a  higher  oxide  of  lead,  and  is  prepared  with  care 
from  pure  lead.  The  proportions  of  the  materials  usually  employed 
in  the  manufacture  of  flint  glass  are,  300  of  fine  white  sand,  such 
as  that  from  Lynn,  on  the  coast  of  Norfolk,  or  from  Alum  Bay 
in  the  Isle  of  Wight,  200  of  minium,  and  100  of  refined  pearlash, 
with  about  30  parts  of  nitre.     In  all  cases  the  selection  of  mate- 
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rials  for  the  melting-pot  is  of  high  importance.  These  pots  are 
best  made  of  an  infusible  clay,  such  as  that  of  Stourbridge,  which 
contains  but  little  alumina  and  iron  :  5  parts  of  clay  and  i  of  ground 
burnt  pots  are  trodden  into  a  mass  by  the  workman,  and  allowed 
to  stand  for  three  or  four  months :  the  mixture  is  then  carefully 
wrought  into  pots  about  four  inches  thick ;  great  care  being  taken 
to  exclude  air-bubbles.  The  pots  are  allowed  to  dry  for  several 
months  in  a  warm  room,  after  which  they  are  removed  to  an 
annealing  oven  where  they  are  raised  very  gradually  to  the  tem- 
perature of  the  furnace.  Flint  glass  is  always  made  in  pots  which  are 
arched  over  at  top,  and  have  an  opening  at  the  upper  part  of  one 
side  for  the  introduction  of  the  charge  and  the  withdrawal  of  the 
glass :  they  are  set  in  the  furnace  in  such  a  manner  as  to  prevent 
the  access  of  smoke  and  combustible  gases  to  the  interior,  which 
would  endanger  the  reduction  of  the  oxide  of  lead  to  the  metallic 
state.  Plate  glass,  crown  glass,  and  the  other  varieties  of  glass  are 
made  in  open  crucibles.  The  alumina,  which  is  contained  even 
in  the  finest  glass,  is  chiefly  derived  from  the  action  of  the  vitrified 
materials  upon  the  clay  of  the  pots. 

(502)  Coloured  Glasses. — For  the  purpose  of  producing  imita^ 
tions  of  precious  gems,  a  lead  glass  of  still  higher  refracting  power, 
termed  paste,  or  strass,  is  employed,  the  proportion  of  oxide  of 
lead  exceeding  ^^  per  cent. ;  the  composition  of  this  substance  is 
very  nearly  represented  by  the  formula  (KO,  3  SiOg  +  3  PbO, 
2  SiOg);  the  proportion  of  oxygen  in  the  bases  being  one-fourth  of 
that  present  in  the  silicic  acid.  A  little  borax  is  often  added  to  this 
glass  to  increase  its  fusibility. 

Glass  of  this  description,  when  properly  cut,  is  employed  to 
imitate  the  diamond.  The  yellow  colour  of  topaz  is  given  to  the 
strass  by  the  addition  of  about  i  per  cent,  of  peroxide  of  iron,  or 
by  a  mixture  of  4  per  cent,  of  oxide  of  antimony  with  a  minute 
proportion  (o*i  per  cent.)  of  purple  of  Cassius.  The  brilliant  blue 
of  sapphire  is  imitated  by  means  of  a  small  quantity  of  oxide  of 
cobalt. 

It  is,  indeed,  a  property  of  glass  to  dissolve  small  quantities 
of  many  of  the  metallic  oxides  without  losing  its  transparency; 
but  the  glass  becomes  coloured  with  more  or  less  intensity,  and 
with  different  hues,  according  to  the  nature  of  the  metallic  oxide 
employed.  Protoxide  of  iron,  even  in  small  quantities,  commu- 
nicates colours  which  vary  from  a  pale  green  to  a  deep  bottle-green, 
according  to  the  proportion  in  which  it  is  present :  sesquioxide  of 
iroU;  on  the  contrary,  has  but  feeble  colouring  power^  unless  pre- 
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sent  in  considerable  quantity,  when  it  produces  a  yellow  colour  : 
protoxide  of  manganese  is  nearly  colourless,  but  the  sesquioxide  com- 
municates a  violet  tint  to  the  glass.  Advantage  is  taken  of  the 
knowledge  of  these  facts  in  preparing  colourless  glass :  protoxide 
of  iron,  in  minute  quantity,  is  a  frequent  impurity  in  the  materials 
used,  and  it  produces  the  green  tinge  often  observed  in  ordinary 
glass  :  a  minute  quantity  of  black  oxide  of  manganese  corrects  this, 
it  imparts  oxygen  to  the  protoxide  of  iron,  which  thus  becomes 
converted  into  the  colourless  peroxide,  whilst  the  manganese  itself 
being  reduced  to  the  state  of  protoxide  exerts  no  injurious  colour- 
ing effect.  A  little  nitre  or  arsenious  acid  is  sometimes  added  to 
glass  instead  of  oxide  of  manganese,  with  a  similar  effect  in  con- 
verting the  protoxide  of  iron  into  sesquioxide.  Oxide  of  chrome 
imparts  an  emerald  green  tinge  to  glass ;  oxide  of  cobalt  a  deep 
blue.  A  mixture  of  the  oxides  of  cobalt  and  manganese  gives  a 
black  glass ;  black  oxide  of  copper  (CuO)  produces  a  green ;  sub- 
oxide of  copper  (CugO)  an  intense  ruby  red ;  whilst  the  sparkling 
appearance  of  avanturine  is  due  to  the  dissemination  of  tetrahedral 
crystals  of  reduced  metallic  copper  through  the  mass.  Oxide  of 
uranium  communicates  to  the  glass  a  peculiar  opalescent  yellow ; 
different  shades  of  yellow  are  also  produced  by  oxides  of  silver  and 
of  antimony,  and  by  finely  divided  charcoal ;  and  a  compound  of 
gold  with  oxide  of  tin  gives  a  magnificent  ruby  glass. 

Sometimes  glass  is  flashed  or  superficially  coated  with  the 
coloured  portion.  A  mass  of  colourless  glass  is  in  this  case  taken 
by  the  workman  upon  the  end  of  his  blowing  tube,  and  then 
dipped  into  a  pot  of  the  coloured  glass ;  on  blowing  out  the  lump 
of  glass,  a  vessel  is  obtained,  the  exterior  layer  of  which  is  coloured, 
whilst  the  inner  layer  consists  of  colourless  glass. 

Painting  on  glass  is  effected  by  means  of  a  very  fusible  glass, 
which  when  melted  gives  the  required  tint ;  this  glass  is  reduced 
to  a  very  fine  powder,  and  worked  up  with  turpentine  into  a  pigment : 
it  is  then  applied  with  a  pencil  to  the  surface  of  a  sheet  of  ordi- 
nary glass.  The  painted  glass  is  afterwards  subjected  to  a  heat 
which  is  sufficient  to  melt  the  coloured  glass,  but  is  not  intense 
enough  to  soften  the  glass  to  which  it  is  applied. 

Enamel  is  the  term  given  to  an  opaque  glass,  which  owes  its 
opacity  to  the  presence  of  binoxide  of  tin  :  a  metallic  ash  is  pre- 
pared by  calcining  at  a  low  red  heat  a  mixture  of  i  part  of  tin 
with  from  i  to  6  parts  of  lead,  in  a  flat  cast  iron  vessel ;  the  ash  so 
obtained  is  mixed  with  sand  and  alkali,  the  proportions  of  which 
may  vary   considerably.      In  one  recipe   for   the   preparation  of 
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enamel  given  by  Knapp  [Cheinical  Technology,  translated  by 
Ronalds  and  Richardson^  vol.  i.  p.  137)  the  ashes  of  4  parts  of  tin 
and  10  of  lead  are  directed  to  be  ground  up  with  10  parts  of 
powdered  quartz  and  1  of  pure  soda  ash.  Other  opaque  bodies 
may  be  substituted  for  the  oxide  of  tin  in  the  preparation  of 
enamel :  in  this  manner  bone  ash,  oxide  of  antimony,  and  even 
arsenious  acid  are  sometimes  employed  to  produce  the  opacity 
required.  The  enamel  may  be  tinged  of  any  colour  by  the  suit- 
able addition  of  metallic  oxides.  The  enamel  is  applied  with  a 
brush  to  the  surface  to  which  it  is  to  be  attached,  and  is  then 
fused  by  exposure  to  heat. 

A  modification  of  glass  resembling  enamel  has  been  used  to 
glaze  cast  iron  pots,  as  a  substitute  for  tinning.  The  pots  having 
been  first  scoured  with  dilute  sulphuric  acid,  and  well  rinsed  in  water, 
are  brusbed  over  with  an  enamel  consisting  of  powdered  flints 
ground  with  calcined  borax,  fine  clay,  and  a  little  felspar;  and 
while  still  moist,  are  dusted  over  with  a  glaze  composed  of  felspar, 
carbo^at«  of  soda,  borax,  and  a  little  oxide  of  tin.  Having  been 
thus  prepared,  the  pots  ai-e  next  carefully  dried,  and  finally  the  glaze 
is  fused  or  fired  under  a  muffle  at  a  bright  red  heat.  Oxide  of  lead, 
though  it  increases  the  fusibility  of  the  glaze,  should  be  carefully 
avoided,  as  it  does  not  resist  the  action  of  acids  in  culinary  operations. 

(503)  Well-made  glass  is  unacted  upon  by  any  acid  or  mix- 
ture of  acids  except  the  hydrofluoric,  which  destroys  it  by  com- 
bining with  its  silica.  But  it  is  not  absolutely  insoluble,  though 
it  is  generally  considered  to  be  capable  of  withstanding  the  action 
of  water.  If  glass  be  powdered  and  moistened  with  water,  the 
liquid  will  dissolve  a  small  quantity  of  alkali,  sufficient  to  turn 
turmeric  paper  brown.  If  left  long  in  water,  or  buried  in  moist 
earth,  many  kinds  of  glass  become  slowly  disintegrated,  and  scale 
off"  in  flakes  which  exliibit  the  brilliant  colours  of  Newton's  rings 
(no).  This  is  particularly  the  case  with  the  coarse  glass  used 
for  wine  bottles.  Faraday  found  that  some  inferior  kinds  of  bottle 
glass  were  rapidly  destroyed  by  the  action  of  dilute  sulphuric  acid. 

At  a  high  temperature  water  acts  upon  glass  very  rapidly; 
pieces  of  plate  and  window  glass  were  suspended  by  Dr.  Turner 
in  the  steam  of  a  high  pressure  boiler,  and  in  the  course  of  four 
months  specimens  of  plate  glass  one-fifth  of  an  inch  thick  were 
completely  decomposed ;  and  Dr.  Faraday  found  that  flint-glass, 
under  similar  circumstances,  was  still  more  rapidly  acted  upon. 

If  glass  be  suddenly  cooled  after  fusion,  it  becomes  extremely 
brittle.  When  drops  of  melted  glass  are  allowed  to  fall  into  water, 
they  solidify   in   pear-shaped    masses,   which   may   be    subjected 
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witliout  breakino-  to  considerable  pressure,  if  gradually  applied ;  but 
if  the  tail  of  one  of  these  drops,  known  as  Rupert's  drops,  be  suddenly 
nipped  off,  the  glass  flies  to  pieces  with  a  kind  of  explosion,  and  is 
shattered  to  powder.  This  effect  appears  to  be  due  to  the  unequal 
tension  to  which  the  particles  composing  the  drop  are  subjected, 
owing  to  the  sudden  cooling  of  the  outer  surface  of  the  glass,  while 
the  interior  is  still  dilated ;  as  the  mass  cools,  the  particles  within, 
by  adhesion  to  the  external  solid  portion,  are  still  kept  in  their 
dilated  state ;  but  a  very  slight  disturbance  of  their  relative  position 
suffices  to  overcome  their  equilibrium,  and  when  once  the  mass 
gives  way  at  any  one  point,  the  cohesion  of  the  whole  is  destroyed. 
Similar  changes  occur  if  glass  articles  are  allowed  to  cool  sud- 
denly by  exposing  them  whilst  red  hot  to  the  external  air.  Glass 
objects  of  various  descriptions,  if  their  surface  be  but  scratched,  or 
if  they  be  brought  suddenly  from  a  cold  room  into  a  warm  one,  will 
often  crack  and  fall  to  pieces.  In  order  to  prevent  this  mishap,  it  is 
necessary  to  subject  the  different  articles,  after  they  have  received 
their  destined  shape  at  the  hands  of  the  w^orkman,  to  the  operation 
of  annealing,  which  is  a  very  slow  and  gradual  process  of  cool- 
ing, by  which  the  parts  are  enabled  to  assume  their  natural  posi- 
tion with  regard  to  each  other.  Even  then,  since  glass  dilates 
considerably  on  the  application  of  heat,  and  is  likewise  a  bad  con- 
ductor, a  sudden  and  incautious  elevation  of  temperature,  such  as 
that  occasioned  by  pouring  boiling  water  into  a  cold  glass,  often 
determines  its  fractm^e.  Care  is  required  during  the  process  of 
annealing,  especially  with  the  coarser  kinds  of  glass,  not  to  raise 
the  temperature  too  high ;  or  otherwise  devitrification  to  a  greater 
or  less  extent  would  be  liable  to  ensue. 

(504)  Characters  of  the  Salts  of  Soda. — We  have  no  good 
direct  tests  for  the  salts  of  this  base,  as  it  forms  scarcely  any  even 
sparingly  soluble  compounds.  Its  most  insoluble  salt  is  what  Fremy 
has  termed  the  bimetantimoniate  of  soda  (706),  which  is  depo- 
sited in  transparent  octohedra  when  a  solution  of  freshly  prepared 
bimetantimoniate  of  potash  is  added  to  a  neutral  solution  contain- 
ing soda,  provided  that  the  liquid  has  been  previously  freed  from 
all  bases  except  the  alkalies:  i  part  of  soda  in  10,000  of  water 
will  produce  a  precipitate  with  this  test  after  twenty-four  hours. 
In  analysis,  a  salt  of  soda  is  concluded  to  be  present  when  the 
absence  of  every  other  base  has  been  proved,  and  yet  a  saline 
residue  remains,  which  with  bichloride  of  platinum  gives  yellow 
striated  prismatic  crystals  (NaCl,  PtCy  by  spontaneous  evapora- 
tion.     Dr.  Andrews  {Chem,  Gaz.,  vol.  x.  p.  378)  has  pointed  out 
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a  property  of  this  salt  which  admits  of  its  identification  in  ex- 
tremely minute  quantities;  a  drop  of  the  solution  suspected  to 
contain  soda  is  mixed  with  a  minute  quantity  of  solution  of  bi- 
chloride of  platinum^  and  allowed  to  evaporate  in  a  warm  place ; 
if  before  it  be  quite  dry  it  be  placed  in  the  field  of  the  microscope, 
and  examined  by  means  of  polarized  light,  minute  crystals  of  the 
double  chloride  of  sodium  and  platinum  will  be  distinguished 
from  the  other  salts  by  which  they  are  accompanied,  by  their 
power  of  transmitting  the  polarized  light,  tinged  with  various 
colours,  according  to  the  thickness  of  the  crystals.  Before  the 
blowpipe  the  salts  of  soda  are  known  by  the  intense  yellow  which 
they  communicate  to  the  outer  flame,  if  a  fragment  be  introduced 
at  the  point  of  the  blue  cone  upon  a  loop  of  platinum  wire. 

The  salts  of  soda  are  in  general  more  soluble  than  those  of 
potash ;  the  sulphates  of  the  two  alkalies  afford  a  striking  instance 
of  this  difference ;  the  soda  salts  often  effloresce  when  exposed  to 
the  air,  whilst  those  of  potash,  on  the  other  hand,  frequently  deli- 
quesce^ a  fact  well  exemplified  by  the  carbonates  of  the  two  bases. 


§  III.  Lithium. 

Symbol,  L ;  Equivalent,  6'^^  ;  Specific  Gravity,  0*5935. 

(505)  Lithium,  the  metaUic  base  of  the  third  of  the  alkalies, 
is  of  comparatively  recent  discovery,  and  derives  its  name  from 
X'lOoQ  (a  stone),  as  it  has  been  found  only  in  the  mineral  king- 
dom :  it  is  but  rarely  met  with.  The  minerals  of  most  frequent 
occurrence  which  contain  lithia  are  the  three  under  mentioned; 
they  yield  this  alkali  in  proportions  varying  from  3  to  6  per  cent. 
of  their  weight : — 

Lepidolite,  or  lithia  mica     .     2  [(LK)  Fl]  +  4  (AI2O3,  3  SiOs) 
Triphane,  or  spodumene      .     3  [(LNa)  O,  SiOs]  +  4  (ALO3,  3  SiOg) 
Petahte 3  [(LNa)  O,  2  SiOa]  +  4  (AI2O3,  6  SiOs). 

Metallic  lithium,  according  to  Bunsen  [Liebig,  Ann.  xciv.  107) 
is  easily  reduced  from  its  chloride  by  means  of  an  electric  current 
obtained  from  four  or  six  pairs  of  the  nitric  acid  battery.  The 
metal  is  of  a  white  colour,  fusible  at  ^^S'',  and  is  not  volatilized  by 
a  red  heat.  It  is  harder  than  potassium,  but  softer  than  lead, 
and  admits  of  being  welded  by  pressure  at  ordinary  temperatures ; 
it  can  be  drawn  into  wire,  which,  however,  is  inferior  in  tenacity 
to  lead  wire  of  the  same  dimensions.  Lithium  appears  to  be  the 
lightest  solid  body  known ;  it  floats  in  naphtha,  and  has  a  density 
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of  only  o'5936.  A  fragment  of  lithium  burns  upon  a  plate  of 
mica  with  a  very  brilliant  light,  and  a  heat  sufficiently  intense  to 
melt  a  hole  in  it :  when  thrown  iipon  water  it  swims  and  be- 
comes oxidized,  like  sodium.  If  thrown  into  nitric  acid  it  usually 
takes  fire. 

(506)  Lithia  (LO,  Eq.  14*5),  the  only  known  oxide  of  the 
metal,  was  discovered  by  Arfwedson,  in  1818.  It  is  extracted 
by  carefully  levigating  the  minerals  that  contain  it,  and  igniting 
the  fine  powder  with  twice  its  weight  of  quick-lime.  The  mass 
is  treated  with  hydrochloric  acid,  then  with  sulphuric  acid,  and 
the  sulphate  of  lithia  is  dissolved  out  from  the  sulphate  of  lime ; 
the  last  traces  of  lime  are  removed  from  the  solution  of  sulphate 
of  lithia  by  oxalate  of  ammonia.  This  solution  may  then  be  de- 
prived of  sulphuric  acid,  and  converted  into  caustic  lithia  by  the 
addition  of  baryta  water;  the  solution  on  evaporation  yields  hy- 
drate of  lithia.  This  hydrate  fuses  readily  below  redness,  and 
powerfully  corrodes  platmum  vessels  :  silver  capsules  should  there- 
fore always  be  used  in  preparing  it.  This  action  upon  platinum 
is  one  of  the  best  indications  of  the  presence  of  lithia. 

Chloride  of  Lithium  (LCI  +  4  aq ;  Eq.  ^2  +  ^6)  is  one  of  the 
most  deliquescent  salts  known ;  it  is  very  soluble  in  alcohol,  and 
crystallizes  in  cubes. 

Sulphate  of  Lithia  (LO,  SO3  +  aq,  Eq,  54*5  +  9),  crystallizes 
in  flat  tables,  which  are  very  soluble  in  water.  The  existence  of 
bisulphate  of  lithia  is  doubtful. 

Soda  Phosphate  of  Lithia  is  one  of  the  most  characteristic 
salts  of  this  alkali;  it  is  insoluble  in  water  containing  alkaline 
phosphates.  In  order  to  prepare  it,  the  insoluble  metallic  oxides 
and  the  earths,  if  present,  are  first  precipitated,  by  adding  carbo- 
nate of  soda  to  the  solution,  evaporating  it  to  dryness,  and  treat- 
ing the  residue  Avith  boiling  water  :  phosphate  of  soda  is  then 
added,  and  the  whole  evaporated  to  dryness ;  the  residue  is  treated 
with  cold  water,  which  removes  the  excess  of  phosphate  of  soda, 
and  leaves  the  double  phosphate  of  lithia  and  soda.  This  salt  fuses 
with  carbonate  of  soda  to  a  glass  which  is  transparent  while  hot, 
but  becomes  opaque  on  cooling.  The  proportion  of  lithia  which 
it  contains  varies  in  different  specimens. 

Carbonate  of  Lithia  (LO,  CO2,  Eq.  ^6\^),  is  only  sparingly 
soluble  in  water,  but  is  rather  more  soluble  in  solution  of  carbonic 
acid ;  it  has  an  alkaline  reaction  upon  turmeric.  At  a  dull  red 
heat  it  melts  into  a  white  enamel. 

Characters  of  the  Salts  of  Lithium. — Generally  speaking  the 
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salts  of  lithium  are  remarkably  fusible :  they  are  distinguished  by 
yielding  a  white  precipitate  of  carbonate  of  lithia  in  cold  concen- 
trated solutions  with  carbonate  of  potash,  but  the  precipitate 
disappears  on  adding  water  and  applying  heat.  On  the  addition 
oi  pliosphate  of  soda  the  double  phosphate  of  lithia  and  soda  already 
mentioned  is  formed.  Before  the  blowpipe  they  communicate  a 
purplish  red  colour  to  the  flame,  and  rapidly  corrode  platinum 
foil  when  heated  on  it. 

§  IV.  Ammonium.      (Hypothetical.) 
Symbol,  H^N;  Equivalent,  i8. 

(507)  When  dry  gaseous  ammonia,  H3N,  is  presented  to  the 
anhydrous  oxyacids,  such  as  sulphuric  acid,  SO3,  sulphurous  acid, 
SO2,  or  carbonic  acid,  the  gas  enters  into  combination  with  the 
acid,  and  a  peculiar  compound  is  formed,  which  does  not  constitute 
one  of  the  ordinary  salts  of  ammonia,  and  which  differs  in  many 
important  particulars  from  the  compound  which  would  be  obtained 
by  neutralizing  a  solution  of  the  same  acid  in  water  with  ammonia. 
In  the  latter  case  one  of  the  ordinary  '  salts  of  ammonia,^  as  they 
are  usually  termed,  is  produced ;  in  the  former  case  one  of  a  series 
of  compounds  is  formed  for  which  no  specific  name  has  been  pro- 
posed, but  which  may  be  conveniently  distinguished  as  ammonides.'^ 

The  general  properties  of  these  bodies  may  be  illustrated  by 
examining  the  several  combinations  formed  between  anhydrous 
sulphuric  and  sulphurous  acids  and  dry  ammoniacal  gas. 

(508)  Sulphuric  Ammonide,  Sulphatammon,  (H3N,S03)j  Eq.  ^J. 
— When  a  current  of  dry  ammoniacal  gas  is  transmitted  over 
anhydrous  sulphuric  acid,  placed  in  a  flask,  and  maintained  at 
a  low  temperature,  taking  care  to  leave  the  acid  somewhat  in 
excess,  a  hard  gummy  mass  is  produced,  which  when  exposed  to 
the  air,  absorbs  moisture  and  gradually  deliquesces.      The  liquid 


*  These  compounds  of  ammonia  with  the  anhydrous  acids  are  often 
incorrectly  spoken  of  as  amides.  Amides  are,  properly  speaking,  salts  of 
ammonium  which  have  been  deprived  of  2  equivalents  of  water.  Of  these  com- 
pounds, oxamide,  obtained  by  M,  Dumas  by  the  dry  distillation  of  ammonia, 
was  the  first  discovered,  and  it  may  be  taken  as  the  type  of  the  class.  Oxalate 
of  ammonia  may  be  represented  by  the  formula  (H^NO,  C2O3) ;  when  this  is 
distUled  in  a  glass  retort,  it  undergoes  decomposition,  and  amongst  other  pro- 
ducts a  small  quantity  of  the  white  insoluble  compound  termed  oxamide  is 
produced  (H^NCgOo),  which  contains  2  equivalents  of  water  less  than  the 
oxalate  of  ammonia.*  The  ammonides  contain  only  one  equivalent  of  water  less 
than  the  ordinary  salts  of  ammonia.  Sulphate  of  ammonia  for  instance  may 
be  represented  as  (H4NO,  SO3)  while  sulphuric  ammonide  is  (HgN,  SOj). 
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thus  obtained  is  saturated  with  carbonate  of  baryta  in  order  to  re- 
move the  excess  of  acid^  and  is  then  evaporated ;  it  yields  large 
transparent  crystals  derived  from  an  octohedron  with  a  square  base. 
This  compound  is  the  parasulphatammon  of  Rose,  and  consists, 
according  to  this  chemist,  of  (H3N,  SO3).  It  is  freely  soluble  in 
water,  but  insoluble  in  alcohol.  Its  solution  has  a  bitter  taste,  and 
gives  no  precipitate  with  salts  of  baryta,  and  none  with  bichloride  of 
platinum.  By  long  boiling  with  water  or  with  a  solution  of  tartaric 
acid,  it  is  slowly  changed  into  ordinary  sulphate  of  ammonia :  but 
if  heated  with  a  free  alkali,  sulphate  of  ammonia  is  speedily  pro- 
duced, and  ammonia  is  expelled. 

If  ammoniacal  gas  in  excess  be  made  to  act  upon  anhydrous 
sulphuric  acid,  another  compound,  isomeric  with  the  former,  termed 
sulphatammon  by  Rose,  is  obtained.  It  does  not  crystallize, 
and  is  quickly  transformed  when  in  solution  into  sulphate  of 
ammonia. 

A  third  compound,  which  may  be  procured  in  beautiful  trans*- 
parent  crystals,  is  prepared  by  transmitting  the  vapour  of  anhy- 
drous sulphuric  acid  into  ammoniacal  gas  in  excess ;  the  solid 
compound  thus  obtained  is  fused  in  a  current  of  dry  ammonia, 
and  dissolved  in  water.  The  crystals  obtained  on  evaporation, 
according  to  M.  Jacquelain,  consist  of  3(H3N)  4-4  SO3.  Although 
the  solution  of  this  compound  has  an  acid  reaction,  it  gives  no 
precipitate  with  salts  of  baryta. 

(509)  Sulphurous  Ammonide,  (H3N,  SOg). — If  dry  sulphurous 
acid  gas  be  mixed  with  an  excess  of  perfectly  dry  ammoniacal  gas, 
2  volumes  of  sulphurous  acid  and  4  of  ammonia  combine  and 
form  a  yellow,  amorphous,  volatile,  deliquescent  compound,  which 
when  dissolved  in  water  undergoes  gradual  decomposition. 

If  the  sulphurous  acid  be  in  excess,  a  different  compound  is 
formed  (H3N,  2  SO2),  corresponding  in  composition  to  bisulphite 
of  ammonia  from  which  3  equivalents  of  water  have  been  abstracted ; 
II3N,  2  SO2  +  2  HO  =  (H4NO,  HO,  2  SO2) .  It  is  a  reddish-yellow, 
crystalline,  volatile  substance,  freely  soluble  in  water;  when  in 
solution  it  is  speedily  decomposed  into  sulphate  and  trithionate  of 
ammonia;  2(H3N,  2  SO^)  4-  2  HO  =  H^NO,  SOa  +  H^NO,  S3O5. 
No  such  decomposition  occurs  when  the  ordinary  bisulphite  of 
ammonia  is  dissolved  in  water. 

Anhydrous  phosphoric  and  carbonic  acids  also  form  ammo- 
nides,  which  are  analogous  to  those  which  have  just  been  described. 

(510)  Dry  ammoniacal  gas  likewise  unites  with  facility  with  the 
anhydrous  hydracids,  but  the  compounds  which  are  produced  do 
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not  correspond  in  properties  to  the  ammonides,  but,  on  the  contrary, 
form  ordinary  salts  of  ammonia.  For  example,  dry  hydrochloric 
acid  and  dry  ammoniacal  gases  unite  with  avidity,  and  a  white  solid 
compound  is  produced,  which  is  ordinary  sal  ammoniac ;  when  dis- 
solved in  water  it  gives  with  solution  of  nitrate  of  silver  the  usual 
curdy  precipitate  indicative  of  chlorine,  and  with  bichloride  of 
platinum  the  usual  yellow  double  salt  characteristic  of  ammonia  is 
deposited. 

(511)  Theory  of  Ammonium. — The  differences  between  the 
characters  of  the  compounds  which  dry  ammonia  forms  with  the 
anhydrous  oxyacids,  and  those  which  it  produces  with  the  hy- 
dracids  were  very  simply  and  beautifully  explained  by  Berzelius 
with  the  aid  of  a  hypothesis  originally  suggested  by  Ampere, 
which  has  been  termed  the  ammonium  theory,  by  the  adoption  of 
which  the  salts  of  ammonia  admit  of  being  considered  as  exhi- 
biting a  composition  analogous  to  that  which  exists  in  the  case  of 
the  metallic  salts. 

According  to  this  view  the  compounds  which  are  usually 
spoken  of  as  salts  of  ammonia  with  the  oxyacids,  do  not  contain 
ammonia  at  all,  but  a  compound  in  which  the  elements  of  an  equiva- 
lent of  water  have  been  added  to  those  of  ammonia,  (H3N  +  HO)  : 
in  consequence  of  the  assimilation  of  this  equivalent  of  water,  the 
substance  which  has  united  with  the  acid  may  be  regarded  as  an 
oxide  (H4N,  O),  like  oxide  of  potassium  or  oxide  of  lead,  but 
which  contains  the  compound  body,  ammonium  (H^N)  in  the 
place  of  a  metal.  Anhydrous  ammonia  when  it  unites  with  the 
anhydrous  oxyacids,  must  therefore  produce  bodies  very  different 
from  those  obtained  by  the  combination  of  hydrated  ammonia 
with  the  same  acids  when  hydrated,  as  may  be  seen,  for  instance, 
by  comparing  the  formula  of  the  compound  with  sulphuric  acid  in 
the  two  cases  : — 

Sulphuric  ammonide.  Sulphate  of  ammonium. 


H3N,  SO3;  H,NO,  SO3. 

It  is  likewise  easy  to  see  why  by  the  combination  of  anhydrous 
ammonia  with  a  hydracid  equally  free  from  water,  a  true  salt  of 
ammonium  should  be  formed ;  for  instance,  hydrochloric  acid  and 
ammonia  by  their  union  yield  chloride  of  ammonium,  a  salt 
which  obviously  presents  the  closest  analogy  with  the  metallic 
chlorides ;  H3N  +  HCl  =  H^N,  CI. 

With  the  oxyacids,  then,  ammonia  forms  two  classes  of  com- 
pounds;  the  more  important   class   constitutes   the  normal  salts 


AMALGAM    OF   AMMONIUM.  775 

of  the  alkali  in  which  the  elements  of  water  are  necessarily  pre- 
sent ;  the  other  class  consists  of  the  ammonides  already  described. 
The  theory  of  ammonium  is  supposed  to  derive  considerable 
support  from  the  following  remarkable  experiment : — If  an  amalgam 
of  potassium  or  of  sodium  be  moistened  with  a  concentrated  solu- 
tion of  sal  ammoniac  (H^NCl),  the  amalgam  immediately  begins 
to  increase  in  bulk,  and  ultimately  swells  up  till  it  acquires  eight 
or  ten  times  its  original  volume,  and  it  at  the  same  time  assumes 
a  pasty  consistence,  but  still  preserves  its  metallic  lustre.  This 
substance,  if  exposed  to  a  temperature  of  o°  F.,  crystallizes  in 
cubes.  It  begins  to  decompose  spontaneously  immediately  after 
its  production,  and  the  same  effect  occurs  still  more  rapidly  if  it  be 
placed  in  water ;  hydrogen  gas  is  given  off  in  minute  bubbles,  and 
ammonia  is  found  in  the  solution.  It  is  generally  supposed  that  this 
remarkable  amalgam  consists  of  a  combination  of  H^N  (or  ammo- 
nium) with  mercury.  On  attempting  to  expel  the  mercury  by  heat, 
however,  the  compound  is  decomposed,  metallic  mercury  sublimes, 
and  a  mixture  of  hydrogen  and  ammoniacal  gas  is  evolved :  all 
other  attempts  to  isolate  the  ammonium  have  been  equally  unsuc- 
cessful. The  proportion  of  ammonium  present  in  the  amalgam, 
notwithstanding  the  great  change  experienced  by  the  mercury,  is 
extremely  minute,  amounting,  according  to  Gay  Lussac  and 
Thenard,  to  little  more  than  WtRrth  of  the  weight  of  the  mercury. 

(5 1 2)  The  preparation  of  ammoniacal  gas  and  of  its  aqueous 
solution  have  been  already  described  (311).  The  solution  in 
water  has  an  intensely  alkaline  reaction,  and  may  be  regarded 
as  a  solution  of  oxide  of  ammonium,  H4NO ;  but  when  heated, 
pure  ammoniacal  gas,  H3N,  alone  is  expelled,  and  by  passing  the 
gas  through  a  tube  filled  with  quicklime  to  absorb  the  water  which 
it  carries  over  with  it  in  suspension,  ammonia  may  be  obtained  in  a 
state  of  purity.  The  solution  in  water,  when  neutralized  by  acids 
and  evaporated,  yields  salts  of  oxide  of  ammonium. 

(513)  Sulphides  of  Ammonium. — Ammonium  forms  several 
sulphides  which  are  freely  soluble  in  water.  The  protosulphide, 
II .^NS,  cannot  be  procured  in  a  solid  form ;  it  may  be  prepared, 
like  the  protosulphide  of  potassium,  by  dividing  a  quantity  of  solution 
of  ammonia  into  two  equal  portions,  through  one  of  which  sul- 
phuretted hydrogen  is  transmitted  as  long  as  it  is  absorbed;  the 
saturated  liquid  is  then  added  to  the  second  portion  of  the  solution. 
The  protosulphide  of  ammonium  dissolves  many  of  the  sulphides  of 
the  metals  which  form  acids  with  oxygen  (442).      Many  of  these 
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double  sulphides^  such,  for  example,  as  those  with  the  pentasul- 
phides  of  antimony  and  of  arsenic,  and  the  tersulphide  of  molyb- 
denum, may  be  obtained  in  crystals. 

A  Bisulphide  of  Ammonium  (H^NSg)  may  be  obtained  in 
large  yellow,  transparent,  very  deliquescent  crystals,  by  passing- 
sulphur  and  dry  ammonia  through  a  red-hot  porcelain  tube. 
In  the  hydrated  form  it  has  been  long  known  as  Boyle's  fuming 
liquor,  and  is  prepared  by  calcining  3  parts  of  slaked  lime  with 
2  of  sulphur,  and  distilling  3  parts  of  the  mixture  with  2  of 
sal  ammoniac  and  i  of  sidphur ;  a  yellow,  oily,  foetid  liquor  passes 
over,  which  fumes  in  the  air,  and  on  cooling  deposits  deliquescent, 
yellow,  lamellar  crystals ;  acids  disengage  hydrosulphuric  acid  and 
cause  a  deposit  of  sulphur.  It  dissolves  a  large  quantity  of  sul- 
phur, forming  sl  pentasulphide,  H5NS5,  which  crystallizes  from  its 
solution  in  long  orange-yellow  opaque  rhombic  prisms. 

Hydrosulphate  of  Sulphide  of  Ammonimn  (H^NS,  HS,  Eq.^i), 
is  the  liquid  commonly  used  as  a  reagent  under  the  name  of 
hydrosulphate  of  ammonia :  it  is  formed  by  transmitting  sulphu- 
retted hydrogen  through  solution  of  ammonia  to  saturation.  This 
liquid  absorbs  oxygen  rapidly  from  the  air,  and  the  solution,  which 
when  newly-formed  is  colourless,  becomes  yellow  from  formation 
of  bisulphide  of  ammonium,  whilst  a  hyposulphite  of  ammonia 
remains  in  solution;  2  (H^NS,  HS)  -|- O5  =  H4NS2  +  HiNO, 
S2O2  +  2  HO. 

The  solution  of  this  substance  dissolves  the  sulphides  of  the 
electro-negative  metals  as  readily  as  the  protosulphide  of  ammo- 
nium does,  but  sulphuretted  hydrogen  is  liberated  from  the  hydro- 
SLdphate.  Hydrosulphate  of  ammonia,  H4NS,  HS,  may  be  ob- 
tained in  an  anhydrous  form  by  mixing  dry  sulphuretted  hydrogen 
with  dry  ammoniacal  gas,  4  volumes  of  ammonia  combine  with  2 
volumes  of  sulphuretted  hydrogen,  and  condense  in  yellowish, 
transparent,  brilliant  plates,  which  are  very  volatile,  and  sublime 
without  decomposition ;  they  are  very  soluble  in  water. 

(514)  Chloride  of  Ammonium,  (H^N,  CI)  ;  Eq.  53*5;  Sp.  Gr. 
1*578. — Muriate  of  Ammonia,  or  Sal  Ammoniac,  as  it  is  commonly 
termed,  is  the  most  important  of  the  salts  of  ammonium.  It  may 
be  formed  directly  by  the  union  of  hydrochloric  acid  and  ammo- 
niacal gases  j  it  was  formerly  imported  from  Egypt  in  considerable 
quantity  as  a  product  of  the  distillation  of  dried  cameFs  dung, 
but  in  this  country  it  is  now  furnished  almost  entirely  from  ammo- 
7iiacal  liquor,  a  waste  product  from  the  coal-gas  works.  Coal 
contains  a  portion  of  nitrogen^  which,  during  the  process  of  distilla- 
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tion,  is  partially  converted  into  ammonia;  this  combines  with 
carbonic  acid  and  with  sulphuretted  hydrogen :  these  compounds 
condense  with  the  gas  liquor  from  which  the  ammonia  is  subse- 
quently extracted.  The  best  process  for  preparing  sal  ammoniac 
consists  in  neutralizing  the  gas  liquor  with  hydrochloric  acid.  For 
this  purpose  the  liquid  is  pumped  up  from  the  tank  into  the  decom- 
poser_,  a  large  wooden  vat  closely  fitted  with  a  cover_,  connected 
with  flues  for  carrying  off  the  gaseous  products  ;  the  acid  in  suitable 
quantity  is  placed  in  jars,  from  which  it  is  slowly  drawn  off  by 
syphons,  and  is  thus  alloAved  gradually  to  mix  with  the  liquor; 
abundance  of  gas  is  disengaged,  and  is  made  to  pass  through  a 
fire  where  the  hydrosulphuric  acid  is  burned :  much  of  the  tarry 
matter  derived  from  the  coal,  which  was  held  in  solution,  is 
deposited  during  this  operation,  and  the  liquid  froths  up  consider- 
ably, any  loss  w^hich  might  be  thus  occasioned  being  prevented  by 
the  use  of  a  waste  pipe,  by  which  the  overflow  is  carried  back  into 
the  well  below.  When  the  liquor  has  thus  been  neutralized,  it  is 
run  into  a  covered  evaporating  pan,  and  the  remaining  portions  of 
sulphuretted  hydrogen  are  here  expelled ;  after  further  concentra- 
tion it  is  drawn  off  into  shallow  wooden  vessels,  lined  with  lead, 
to  crystallize ;  the  crystals  which  form  are  drained,  and  the  mother 
liquor  is  again  concentrated.  The  rough  crystals  are  next  heated 
in  a  cast  iron  pan,  to  a  point  approaching  that  at  which  sublima- 
tion commences ;  a  good  deal  of  tarry  matter,  which  the  salt  still 
retains,  is  expelled  during  this  roasting.  The  salt  is  then  subUmed 
in  a  strong  cylindrical  iron  pot,  furnished  with  a  leaden  or  iron 
cover  lined  with  fire-clay  ;  the  fire  underneath  is  gradually  raised, 
and  the  salt  sublimes  and  is  deposited  in  large  dome-shaped  cakes 
on  the  inner  surface  of  the  cover. 

The  liquors  which  condense  during  the  distillation  of  bones  in 
closed  iron  cylinders,  in  the  process  of  preparing  animal  charcoal, 
are  highly  charged  w  ith  an  impure  carbonate  of  ammonia,  con- 
taminated with  volatile,  oily,  and  tarry  matters  derived  from  the 
action  of  heat  upon  animal  matter :  these  liquors  furnish  a  source 
of  ammoniacal  salts  of  some  importance  :  formerly  this  liquid,  after 
being  subjected  to  a  partial  purification,  was  commonly  known  as 
spirit  of  harts-horn,  because  a  similar  liquor  was  originally 
obtained  by  the  distillation  of  horn  shavings. 

Sublimed  muriate  of  ammonia  forms  semi-transparent,  tough, 
fibrous  masses.  It  is  very  soluble  in  water,  loo  parts  of  which  at 
60°  dissolve  0^6  of  the  salt,  and  at  the  boiling  point,  88*9  of  the 
chloride  are  dissolved :  a   great  reduction   of  temperature  occurs 
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whilst  it  is  dissolving,  and  it  is  hence  employed  as  a  common 
ingredient  in  frigorific  mixtures;  it  crystallizes  usually  in  an 
arborescent  form,  sometimes  in  cubes  or  octohedrons.  Muriate 
of  ammonia  has  a  sharp  acrid  taste;  it  is  slightly  soluble  in 
alcohol.  When  heated,  it  sublimes  much  below  redness  before 
undergoing  fusion.  It  has  a  strong  tendency  to  form  double 
salts  with  the  chlorides  more  electro-negative  than  itself. 

(515)  Sulphate  of  Ammonia  (H4NO,  SO3,  HO,  Eq.  66  +  9, 
Sp.  Gr.  1*750)  is  prepared  in  large  quantity  by  neutralizing  gas 
liquor  with  sulphuric  acid,  but  may  be  obtained  pure  by  adding 
sesquicarbonate  of  ammonia  to  the  acid  so  long  as  any  effervescence 
ensues.  It  crystallizes  in  flattened  prisms,  which  are  isomorphous 
with  those  of  sulphate  of  potash ;  it  is  soluble  in  twice  its  weight 
of  cold  water,  and  has  a  sharp  disagreeable  taste ;  when  heated  it 
decrepitates,  melts,  and  sublimes  unchanged.  It  forms  a  great 
number  of  double  salts  isomorphous  with  the  corresponding  salts 
of  potash.  An  acid  sulphate  may  be  formed  which  has  the 
formula  (3  H^NO,  HO,  4  SO3),  and  a  double  sulphate  of  soda 
and  ammonia  (H^NO,  NaO,  2  SO3  +  4  aq)  may  be  readily  formed  by 
mixing  the  two  salts,  and  evaporating  till  crystals  begin  to  form. 

(515  bis)  Nitrate  of  Ammonia,  (H4NO,  NO5);  Eq.  So;  Sp.  Gr, 
I "635. — This  is  a  salt  of  some  importance  to  the  chemist,  as  it 
furnishes  him  with  a  ready  source  of  pure  protoxide  of  nitrogen.  It 
is  procured  by  saturating  nitric  acid  with  solution  of  sesquicarbonate 
of  ammonia :  on  evaporation  the  salt  crystallizes  in  long  striated 
anhydrous  prisms ;  by  rapid  evaporation  it  is  obtained  either  in  a 
fibrous  or  in  an  amorphous  mass.  It  is  readily  soluble  in  cold 
Af  ater,  is  somewhat  deliquescent,  and  has  a  bitter  acrid  taste ; 
when  heated  to  392°  it  melts,  and  at  480°  it  undergoes  complete 
decomposition,  being  converted  into  protoxide  of  nitrogen  and  water, 
in  the  manner  already  described  (305);  H^NO,  N05  =  2  NO4-4 
HO.  If  thrown  on  a  red  hot  plate  it  melts,  hisses,  and  is 
dispersed  with  a  faint  bluish  flame. 

(516)  Compounds  of  Ammonia  with  Carbonic  Acid. — There  are 
several  carbonates  of  ammonia.  The  most  important  of  these 
is  the  sesquicarbonate  (2  H^NO,  3  CO2,  Eq.  118),  the  common 
carbonate  of  the  shops.  It  is  usually  obtained  as  a  semi-trans- 
parent fibrous  mass  by  mixing  chalk  with  half  its  weight  of 
muriate  of  ammonia,  and  subliming  the  mixture  at  a  temperature 
below  that  of  boiling  water ;  the  salt  is  received  in  leaden  hoods, 
in  the  interior  of  which  it  is  deposited.  During  this  process  a 
large  quantity  of  free  ammonia  escapes,  as  the  neutral  carbonate 
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of  ammonia  camiot  exist  at  that  temperature.  The  decomposi- 
tion may  be  represented  thus  : — 

2  (H4N,  CI)  +  3  (CaO,  CO2)  =3  Ca  CI  +  2  H4NO,  3  CO2  +  H^NO. 

The  sesquicarbonate  of  ammonia  has  a  strong  pungent  smell, 
like  that  of  pure  ammonia,  arising  from  the  continual  volatilization 
of  the  neutral  carbonate  at  ordinary  temperatures.  It  has  an 
acrid  taste  and  a  strong  alkaline  reaction.  Its  aqueous  solution, 
if  saturated  and  exposed  to  a  temperature  of  32°  F.,  deposits 
large  transparent  octohedra  with  a  rhombic  base.  According  to 
the  reseaches  of  Rose  there  are  several  compounds  resulting 
from  the  combination  of  carbonate  of  ammonia  with  different 
proportions  of  bicarbonate  of  ammonia. 

The  Bicarbonate  of  Ammonia  (HO,  H4NO,  2  CO2,  Eq.  79, 
Sp.  Gr.  1*586)  is  isomorphous  with  the  corresponding  potash  salt; 
it  is  soluble  in  8  parts  of  cold  water,  and  if  the  solution  be  heated 
carbonic  acid  escapes  ;  when  exposed  to  the  air  the  dry  salt 
slowly  volatilizes.  It  may  be  obtained  in  large  transparent 
prismatic  crystals,  derived  from  a  rhombic  octohedron,  2  (HO, 
H4NO,  2  CO2)  +  HO,  by  pouring  boiling  water  upon  the  sesqui- 
carbonate, corking  the  flask,  and  allowing  it  to  cool.  It  is 
sometimes  formed  spontaneously  during  the  decomposition  of  guano, 
and  is  then  deposited  in  large  regularly  formed  crystals. 

Carbonate  of  ammonia  combines  with  many  metallic  car- 
bonates, forming  double  salts. 

(517)  Phosphates  of  Ammonia,  corresponding  to  those  of  soda, 
may  be  formed ;  but  the  only  one  of  any  importance  is  the  tribasic 
phosphate  of  soda,  oxide  of  ammonium,  and  water,  known  as 
microcosmic  salt  (HO,  NaO,  NH4O  +  PO5  +  8  aq) ;  eq.  138  +  72. 
It  is  prepared  by  mixing  a  hot  solution  of  6  parts  of  phosphate  of 
soda  with  a  solution  of  i  part  of  muriate  of  ammonia  in  the 
smallest  possible  quantity  of  water;  common  salt  remains  in 
solution,  and  the  phosphate  crystallizes  in  large  transparent  prisms, 
which  are  efflorescent  in  a  dry  air.  It  may  be  purified  by  a 
second  crystallization  from  a  small  quantity  of  hot  water,  to 
which  a  little  free  ammonia  has  been  added  to  compensate  for  the 
loss  of  ammonia  which  the  salt  sustains  when  heated  in  solution. 
By  ignition  all  the  oxide  of  ammonium  and  water  are  expelled, 
metaphosphate  of  soda  remains,  and  fuses  into  a  colourless  glass 
at  a  red  heat.  This  salt  is  sometimes  employed  as  a  flux  for 
experiments  with  the  blowpipe,  as  the  glass  dissolves  many 
metallic  oxides  and  forms   transparent  beads,  from  the  colour  of 
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which  the  presence   of  certain   metals,   in   many  cases,   can   be 
ascertained. 

{518)  Ammoniated  Salts. — Anhydrous  ammonia  enters  into 
combination  with  many  anhydrous  metallic  salts,  in  a  manner 
somewhat  analogous  to  that  of  water  of  crystallization.  In  other 
cases,  salts  which  usually  retain  water  of  crystallization  lose  it 
either  partially  or  entirely  when  they  combine  with  ammonia,  but 
the  number  of  equivalents  of  ammonia  is  not  influenced  by  the 
proportion  of  water  with  which  the  salt  generally  unites.  Chlorides 
of  silver,  tin,  copper,  and  calcium,  sulphate  of  copper  and  of  zinc, 
nitrate  of  silver  and  of  copper,  are  instances  of  this  kind  of  com- 
bination. The  composition  of  some  of  these  salts  is  exhibited 
in  the  subjoined  table  : — 


AgCl+2H3N.    . 
GuCl+3  H3N .     . 
CuCl+2H3N,HO 
CUCI+H3N     .    . 
SnCl+HgN"     .     . 
CaCl-h4  HgN       . 
AgO,  SO3+2  H3N 
CuO,S03+2H3N,  HO 
AgO,IS[05+2  H3N  . 
CuO,N05+2H3N  . 


Eq. 

Sp.  Gr. 

.   177-5 

.   118 

.   110-5 

I-671 

.    84 

2-194 

.   IIO 

•   123-5 

.   190 

2-918 

)   122-5 

1-790 

.   200 

•   127-5 

1-874 

Ammoniated  chloride  of  silver  .     . 

1  Ammoniated  chloride  of  copper 

2  Ammoniated  chloride  of  copper 

3  Ammoniated  chloride  of  copper 
Ammoniated  chloride  of  tin  .  . 
Ammoniated  chloride  of  calcium  . 
Ammoniated  sulphate  of  silver 
Ammoniated  sulphate  of  copper  . 
Ammoniated  nitrate  of  silver  .  . 
Ammoniated  nitrate  of  copper  .     . 

These  compounds  when  exposed  to  the  air  lose  a  portion  of  the 
ammonia ;  if  heat  be  applied,  the  ammonia  is  often  entirely  expelled, 
as  in  the  case  of  ammoniated  chloride  of  silver,  the  compound 
originally  employed  by  Faraday  for  obtaining  ammoniacal  gas  in 
the  liquid  form  (182).  The  chloride  of  silver  is  left  unaltered 
when  the  ammonia  is  expelled.  In  other  instances  the  elements  of 
ammonia  react  upon  the  salt  and  decompose  it.  Ammoniated 
chloride  of  copper,  CuCl,  3  H3N,  when  heated,  undergoes  the  follow- 
ing decomposition ;  2  (CuCl,  3  H3N)  =  CugCl  +  H4NCI  +  4  H3N. 
The  corresponding  compound  of  nickel  is  reduced  to  the  metallic 
state. 

In  solution  ammonia  also  combines  with  many  metallic  salts, 
forming  analogous  compounds :  by  exposure  to  air  the  ammonia 
escapes.  Salts  of  zinc  form  a  colourless  solution  with  excess  of 
ammonia ;  those  of  cobalt  give  a  pink,  which  passes  into  green  ; 
whilst  the  salts  of  nickel  and  of  copper  give  a  violet  blue 
solution. 

(519)  Action  of  Ammonia  upon  Salts  in  Solution. — From  what 
has  been  already  stated  it  is  evident  that  ammonia  acts  upon 
metallic  salts  not  merely  as  a  powerful  base  as  in  cases  where 
potash  or  soda  are  made  to  act  upon  them.     The  results  produced 
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by  the  addition  of  ammonia  to  a  solution  of  a  metallic  salt  may  be 
stated  as  follows  : — 

I .  If  the  ammonia  be  insufficient  in  quantity  to  neutralize  the 
■whole  of  the  acid  contained  in  the  metallic  salt_,  a  sparingly  soluble 
subsalt  of  the  metal  may  be  precipitated :  in  this  way  subsulphate  of 
copper,  subnitrate  of  lead,  or  subsulphate  of  alumina  may  be  formed ; 
for  instance,  4  (CuO,  S0-^)+^  H3N4-7HO  =  3  (H^NO,  803)  + 
(4  CuO,  SO3,  4  aq). 

2.  If  the  ammonia  be  present  in  excess,  it  may  combine  directly 
with  the  acid  of  the  salt,  and  produce  with  it  a  soluble  salt  of 
ammonia,  whilst  a  precipitate  of  the  metallic  oxide  in  a  hydrated 
form  is  occasioned ;  as  when  oxide  of  chromium,  peroxide  of  iron, 
or  alumina  is  thrown  down  from  its  salts  : — for  example, 

2  (FePs,  3  SO3)  4-  6  H3N  +  9  HO  =  6  (H,NO,  SO3)  4-  3  (FeA),  3HO. 

3.  Sometimes  the  ammonia  if  in  excess  combines  with  the  pre- 
cipitated oxide,  as  it  does  with  peroxide  of  uranium,  when  mixed 
with  solution  of  pernitrate  of  uranium  : — 

UA.NO5  +  2  H3N  +  2HO  =  (H,NO,  NO,)  +  (H,NO,UA)- 

4.  In  other  cases  a  double  salt  of  ammonia  and  the  base  may 
be  precipitated,  as  when  phosphate  of  ammonia  is  mixed  with  a 
salt  of  magnesia,  in  which  case  a  double  phosphate  of  magnesia 
and  ammonia  is  formed  and  deposited  in  crystals  :  2  (MgO,  SO3) 
+  3  H,NO,P05  =  2  (H,NO,  S03)  +  (H,N0,  2  MgO,  PO5). 

These  four  modes  of  action  may  however  occur,  and  indeed 
frequently  do  occur,  when  a  fixed  alkali,  such  as  potash  or  soda,  is 
mixed  with  a  metallic  salt. 

5.  A  soluble  compound  may  be  formed,  into  the  composition 
of  which  both  the  metallic  oxide  and  the  ammonia  enter,  and  unite 
with  the  acid  so  as  to  form  a  species  of  double  subsalt.  Hydrate 
of  magnesia,  hydrated  oxide  of  copper,  of  zinc,  of  cobalt,  or  of 
nickel,  when  free  from  acid,  are  very  sparingly  dissolved  by  a  solu- 
tion of  pure  caustic  ammonia,  but  a  mixture  of  chloride  of  ammo- 
nium, or  even  of  carbonate  of  ammonia,  with  caustic  ammonia, 
dissolves  them  without  difficulty.  The  compounds  thus  formed  are 
similar  in  nature  to  those  produced  when  the  dry  salts  of  the 
metals  absorb  ammoniacal  gas,  and  form  compounds  which  have  a 
definite  composition,  as  is  shown  in  the  table  just  given.  The 
solutions  of  these  salts  in  ammonia  frequently  absorb  oxygen 
rapidly  if  exposed  to  the  air :  salts  of  iron,  manganese,  and  cobalt 
furnish  examples  of  this  kind. 

6.  But  it  occasionally  happens  that  the  ammonia  enters  into 
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the  composition  of  the  salt  in  a  more  intimate  manner.  When  a 
solution  of  corrosive  sublimate  (HgCl)  is  mixed  with  solution  of 
potash,  a  yellow  precipitate  of  oxide  of  mercury  is  formed^  and 
chloride  of  potassium  remains  in  solution  : — 

HgCl  +  KO  =  HgO  -f  KCl ; 

but  the  case  is  otherwise  if  ammonia  be  added ;  a  white  precipitate 
is  then  formed,  the  composition  of  which  is  unchanged  by  the 
addition  of  an  excess  of  ammonia.  Sir  R.  Kane  [Phil.  Mag. 
June,  1 836,  p.  495)  showed  that  this  compound  consists  of  HgCl  + 
HgHgN.    Its  formation  maybe  explained  by  the  following  equation  : 

2  HgCl  +  2  H3N  =  (HgCl  +  HgH^N)  +  H^N,  CI. 

From  this  result,  conjoined  with  others  obtained  from  an  exami- 
nation of  other  ammoniacal  derivatives  from  copper,  palladium, 
and  other  metals,  Kane  was  led  to  propose  a  new  theory  of  the 
composition  of  ammonia.  He  argues  that  ammonia  is  not  a  direct 
compound  of  hydrogen  with  nitrogen,  but  rather  a  combination  of 
an  equivalent  of  amidogen  with  an  equivalent  of  hydrogen ;  so  that 
he  represents  ammonia  as  HAd  (Ad  standing  for  amidogen,  HgN) ; 
the  equivalent  of  hydrogen  being  liable  to  displacement  by  an 
equivalent  either  of  mercury,  or  of  certain  other  metals.  One 
equivalent  of  such  an  amide  of  mercury  (HgAd)  is,  according  to 
Kane,  contained  in  white  precipitate,  in  combination  with  i  equi- 
valent of  chloride  of  mercury. 

Later  experiments,  however,  especially  those  of  Hofmann,  on 
the  formation  of  bases  by  substitution  from  ammonia,  have  not 
strengthened  the  theory  proposed  by  Kane;  they  have  shown  that 
not  only  i  equivalent  of  hydrogen  admits  of  being  displaced  by 
some  equivalent  substance,  but  that  all  3  of  the  equivalents  of 
hydrogen  in  ammonia  admit  of  being  thus  displaced;  nay  more, 
that  bodies  may  be  obtained  which  are  derived  from  ammonium,  in 
which  all  the  4  equivalents  of  hydrogen  in  this  compound  have  been 
displaced  by  other  equivalent  bodies.  We  shall  recur  to  these 
experiments  when  considering  the  properties  of  the  organic  bases. 

7.  Within  the  last  few  years  several  remarkable  bases  have 
been  formed  which  are  derived  from  ammonia,  but  into  the  com- 
position of  which  certain  metals  enter.  Although  these  com- 
pounds contain  the  elements  of  ammonia,  and  of  the  oxides  of  the 
metals,  yet  they  do  not  give  any  indications  either  of  ammonia  or 
of  their  component  metals  by  means  of  the  ordinary  tests. 

In  this  manner  severaj  series  of  compounds  have  been  formed, 
some  of  which  contain  platinum,  others  contain  cobalt,  and  others 
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palladium ;  in  most  instances  they  form  crystallizable  and  well 
characterized  salts. 

Amongst  the  compounds  thus  formed  4  of  those  obtained  from 
platinum  may  be  selected  by  way  of  illustration.  The  first  of  these 
contains  a  base  for  which  Gerhardt  has  proposed  the  name  of 
platosaminej  PtHgNO ;  the  second^  he  has  termed  diplatosaminey 
PtHgNgO,  4-  aq  ;  the  third,  platinaminej  PtHgNOg  +  2  aq ;  and 
the  fourth,  diplatinamine,  PtHgNgOa.  The  base  last  mentioned 
has  not  as  yet  been  obtained  in  a  separate  form. 

With  hydrochloric  acid  each  of  these  bases  forms  a  crystal- 
lizable salt,  the  composition  of  which  is  represented  by  the  empi- 
rical formula  given  in  the  second  column  of  the  following  table, 
whilst  the  third  column  shows  the  relation  of  the  compound  to  the 
chloride  of  platinum  from  which  it  is  obtained;  the  first  two 
compounds  being  derived  from  the  protochloride  of  platinum,  the 
last  two  being  formed  from  the  bichloride  of  platinum  : — 


Chloride  of  platosamine 

.         PtHgNCl 

or 

PtCl,    H3N 

Chloride  of  diplatosamine   . 

.     PtHgN^Cl 

or' 

PtCl,  2H3N 

Chloride  of  platinamine 

.     PtHgNCla 

or 

PtClg,  H3N 

Chloride  of  diplatinamine    . 

.     PtHeN^Cl^ 

or 

PtCl2,2H3N. 

(520)  Characters  of  the  Compounds  of  Ammonium. — The 
salts  of  ammonium  are  colourless;  they  are  all  decomposed  by 
heat,  unless  the  acid  itself  be  capable  of  volatilization,  in  which 
case  they  generally  sublime  without  change.  They  are  distin- 
guished from  the  salts  of  all  the  metals,  with  the  exception  of  the 
alkaline  bases,  by  the  absence  of  any  precipitate  when  their  solu- 
tions are  mixed  with  solution  of  carbonate  of  potash  or  of  soda. 

The  salts  of  ammonium  may  be  recognised  by  heating  them  in 
the  solid  form  with  quick  lime  or  with  caustic  potash,  when  pungent 
fumes  of  ammonia  are  extricated  :  if  their  solutions  be  boiled  with 
either  potash  or  lime  a  similar  extrication  of  ammonia  ensues,  and  if 
the  quantity  of  ammonia  be  too  small  to  be  detected  by  the  smell, 
a  rod  dipped  in  hydrochloric  acid  produces  white  fumes  when  brought 
into  the  vapour ;  these  fumes  are  due  to  the  production  of  sal 
ammoniac,  which  is  formed  by  the  union  of  the  gaseous  ammonia 
with  the  vapour  of  the  hydrochloric  acid,  and  precipitates  in  the 
solid  form. 

The  Phosphomolybdate  of  Soda  is  also  an  extremely  delicate 
test  for  the  presence  of  a  salt  of  ammonium  in  solution.  The 
mode  of  preparing  and  applying  it  is  described  under  the  head 
of  molybdic  acid  (692). 
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(521)  Estimation  of  Ammonia. — The  most  accurate  method 
of  determining  the  quantity  of  ammonia  in  any  substance^  if  the 
absence  of  potash  has  been  ascertained,  consists  in  precipitation  by 
the  bichloride  of  platinum,  observing  all  the  precautions  mentioned 
when  speaking  of  its  use  with  potash ;  a  yellow  insoluble  double 
salt  falls,  consisting  of  PtCla  +  H^NCl:  it  contains,  in  100  parts, 
7*65  of  ammonia.  This  salt  is  easily  distinguished  from  the  cor- 
responding compound  of  potassium  by  heating  it  to  redness : 
metallic  platinum  alone  remains;  whereas  the  potassium  salt 
though  decomposed  by  this  treatment,  leaves  chloride  of  potassium, 
which  may  be  dissolved  out  of  the  residue. 

(522)  The  following  method  of  determining  the  amount  of 
ammonia  in  guano  or  in  crude  ammoniacal  salts  will  often  be  found 

useful.      One  hundred 
^^<^-  296'  grains    of  the  matter 

for  trial  is  placed  in  a 
small  retort,  fig.  296, 
and  two  ounces  of 
water  are  added :  by 
means  of  a  bent  funnel 
half  an  ounce  of  solu- 
tion of  potash,  of  spe- 
cific gravity  1-25,  is 
also  introduced ;  about 
an  ounce  and  a  half 
of  liquid  is  gradually 
distilled  into  the  flask, 
which  contains  a  mea- 
sure of  1000  water 
grains  of  sulphuric 
acid  (one  burette  full,  fig.  290)  diluted  to  the  strength  required  for 
the  determination  of  soda  for  alkalimetrical  purposes  (480). 
As  soon  as  about  an  ounce  and  a  half  of  liquid  has  been  dis- 
tilled, the  contents  of  the  retort  are  allowed  to  cool  a  little, 
and  another  ounce  of  water  is  introduced  into  the  retort  by  the 
funnel ;  a  second  distillation  is  then  proceeded  with,  until  the 
quantity  of  water  just  added  has  passed  over ;  an  ounce  more  of 
water  is  added  to  the  contents  of  the  retort,  and  the  distillation  is 
renewed  until  this  additional  quantity  of  water  has  passed  over  :  the 
liquid  in  the  flask  is  then  decanted  into  an  evaporating  basin ;  the 
flask  twice  rinsed  out  with  a  small  quantity  of  distilled  water,  and 
the  washings  are  added  to  the  acid  liquid.     This  is  now  to  be  neu- 
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tralized  in  tlie  usual  way,  by  means  of  a  standard  solution  of  soda, 
this  soda  solution  being  of  such  a  strength  that  one  measure  of  it 
exactly  neutralizes  an  equal  measure  of  the  acid  liquid  originally 
introduced  into  the  flask.  Suppose  that  this  liquid  from  the  flask 
now  requires  6"]  measures  of  soda  solution  instead  of  loo ;  '>^7^ 
measures  of  the  acid  will  have  been  neutralized  by  the  ammonia ; 
a  quantity  of  ammonia  will  therefore  have  passed  over  equivalent 
to  2iZ  gi'ains  of  soda.  The  corresponding  quantity  of  ammonia  may 
be  calculated  from  the  equivalent  numbers  of  the  two  alkalies : — 

Eq.  NaO.     Eq.  IS.^ 

Thus,  31     :     17     :  :     33     :     18-09. 

100  grains  of  the  material  operated  on  in  this  case  would  there- 
fore have  contained  18*09  gi'^ins,  or  18  09  per  cent,  of  ammonia. 


CHAPTEE  XII. 

GROUP  II. METALS  OF  THE  ALKALINE  EARTHS. 

§  I.  Barium. 
Symbol,  Ba;  Equivalent,  68'54. 

(523)  Barium  occurs  abundantly  under  the  form  of  sulphate  of 
baryta,  and  is  not  unfrequently  found  as  carbonate  of  baryta. 
Davy  first  procured  it  in  the  metallic  state  by  making  mercury  the 
platinode  of  a  voltaic  battery  in  a  strong  solution  of  hydrate  of 
baryta ;  the  barium  was  thus  obtained  as  an  amalgam,  from  which 
the  mercury  was  expelled  by  strongly  heating  it  in  a  green  glass 
tube  filled  with  hydrogen ;  but  it  does  not  appear  to  have  been  thus 
obtained  in  a  state  of  purity.  When  procured  by  the  voltaic  de- 
composition of  its  fused  anhydrous  chloride,  it  is  of  a  pale  yellow 
colour ;  it  is  malleable,  and  is  fusible  at  a  red  heat.  Barium  decom- 
poses water  rapidly  at  ordinary  temperatures.  In  the  air  it  is  quickly 
tarnished  by  absorbing  oxygen.      It  decomposes  glass  at  a  red  heat. 

(524)  Compounds  of  Barium  with  Oxygen. — Baryta  forms  two 
oxides,  a  protoxide,  BaO,  and  a  peroxide,  BaOg :  the  first  is  the 
only  one  which  forms  salts. 

Baryta,  BaO  ;  Eq.  ']6-6 ;  Sp.  Gr.  4. — Anhydrous  baryta  may  be 
obtained  by  exposing  the  nitrate  to  a  red  heat  in  a  capacious 
porcelain  crucible ;  the   salt  decrepitates,  melts,  and  then  boils  up 
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and  gives  off  a  large  quantity  of  oxygen,  leaving  the  baryta  as  a 
grey  porous  masSj  which  absorbs  moisture  and  carboaic  acid  if 
exposed  to  the  air.  Mixed  with  one-eighth  of  its  weight  of  water  it 
slakes_,  forming  a  hydrate  with  extrication  of  great  heat.  Baryta 
may  be  fused  before  the  oxyhydrogen  blowpipe. 

The  sulphide  of  barium  may  be  employed  for  procuring  pure 
hydrate  of  baryta,  by  boiling  its  solution  with  oxide  of  copper : 
hyposulphite  of  baryta  and  disulpbide  of  copper,  which  are  both 
of  them  insoluble,  are  produced,  and  hydrate  of  baryta  dissolves ; 
6  BaS  +  8  CuO=:5  BaO  +  BaO,  SA  +  4  CuaS;  the  hot  liquid  is 
filtered,  and  crystals  of  the  hydrate  are  deposited  as  the  solution 
cools.  They  contain  lo  equivalents  of  water,  and  are  soluble  in 
3  times  their  weight  of  boiling  water,  and  in  20  of  cold  water ;  the 
liquid  has  a  strong  alkaline  reaction.  When  exposed  to  the  air 
both  the  crystals  and  the  solution  absorb  carbonic  acid;  by  heat 
9  eqaivalents  of  water  are  expelled  from  the  crystals,  and  a 
monohydrate  is  left,  which  fuses  at  a  heat  above  redness,  and 
retains  its  w^ater  at  all  temperatures.  Hydrate  of  baryta  is 
sparingly  soluble  in  alcohol. 

Peroxide  of  Barium  (BaOg,  Eq.  84*6)  is  formed  by  passing 
oxygen  over  anhydrous  baryta  at  a  low  red  heat;  or  by  mixing  pure 
baryta  with  an  equal  weight  of  chlorate  of  potash  and  heating  to 
low  redness ;  in  the  latter  case  ignition  commences  at  one  point, 
and  spreads  through  the  mass  like  tinder;  6  BaO-f  KO,  C105  = 
KCl  +  6  Ba02  •  the  chloride  of  potassium  may  be  dissolved  out 
by  water,  and  a  bulky  white  hydrated  peroxide  of  barium 
(Ba02  +  6  aq),  insoluble  in  water,  remains.  By  strong  ignition  the 
peroxide  of  barium  again  parts  with  its  oxygen.  Boussingault 
has  proposed  to  make  use  of  caustic  baryta  as  a  means  of  preparing 
oxygen  on  a  large  scale  by  alternately  passing  atmospheric  air 
over  the  baryta,  raised  to  a  dull  red  heat,  and  then  expelling  the 
absorbed  oxygen  by  intense  ignition :  these  processes  may  be 
repeated  for  an  indefinite  number  of  times  upon  the  same  portion 
of  baryta,  in  an  apparatus  contrived  for  the  purpose  {Ann.  de 
Chimie,  III.,  xxxv.)  The  anhydrous  peroxide  combines  wdth 
water  when  moistened,  without  evolving  any  sensible  amount  of 
heat,  and  crumbles  down  to  a  white  powder :  it  is  used  for  pro- 
curing the  deutoxide  of  hydrogen. 

(525)  Sulphides  of  Barium. — Of  these  the  most  important  is 
the  protosulphide,  BaS,  Eq.  ^^'6.  The  preparation  of  this  sub- 
stance from  the  native  sulphate  of  baryta  presents  some  interest 
to  the  chemist,  as  it  enables  him  to  obtain  with  ease   the   soluble 
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salts  of  baryta  from  its  insoluble  sulphate.  In  order  to  prepare 
the  sulphide,  the  native  or  artificial  sulphate  is  reduced  to  a  very- 
fine  powder  and  intimately  mixed  with  an  equal  weight  of  starch 
or  flour,  or  with  one-tenth  of  its  weight  of  powdered  charcoal,  made 
up  into  a  paste  with  oil,  and  introduced  into  a  crucible  lined  with 
charcoal :  the  cover  is  luted  on,  and  the  crucible  and  its  contents 
are  exposed  for  an  hour  to  an  intense  heat.  By  this  treatment  the 
sulphate  of  baryta  is  deoxidized,  carbonic  oxide  escaping,  whilst 
sulphide  of  barium  remains:  BaO,  S03  +  4C  =  BaS+4  CO.  The 
mass,  when  treated  with  boiling  water,  dissolves,  and  the  sulphide 
is  deposited  as  the  solution  cools  in  colourless  transparent  crystals, 
with  6  equivalents  of  water :  when  treated  with  hydrochloric,  or 
any  other  acid,  the  sulphide  of  barium  is  decomposed,  and  the  cor- 
responding salt  of  baryta  is  formed,  whilst  sulphuretted  hydrogen 
escapes;  thus  BaS  +  HCl  =  BaCl  +  HS. 

{^26)  Chloride  of  Barium,  (BaCl,  2  aq) ;  Eq.  104-1-1-18;  Sp. 
Gr.  cryst.  3' 144. — This  salt  is  obtained  by  dissolving  the  sulphide  of 
barium  or  the  carbonate  of  baryta  in  hydrochloric  acid.  It  crystal- 
lizes in  flat  four-sided  tables,  containing  2  equivalents  of  water, 
which  may  be  expelled  by  heat :  water  dissolves  nearly  half  its 
weight  at  60°,  and  three-fourths  at  212°  :  this  solution  is  the  usual 
test  for  ascertaining  the  presence  of  sulphuric  acid  in  solutions, 
which  it  indicates  by  the  formation  of  a  white  precipitate  insoluble 
in  nitric  acid.  If  anhydrous  baryta  be  introduced  into  a  jar  of 
hydrochloric  acid  gas  it  becomes  incandescent,  chloride  of  barium 
is  formed,  and  water  condenses  on  the  sides  of  the  vessel. 

The  Silico fluoride  of  Barium  (BaF,  SiFa,  Eq.  140)  is  pro- 
cured by  adding  silicofluoric  acid  to  a  salt  of  baryta;  it  is 
quickly  deposited  in  microscopic  crystals,  which  are  insoluble  in 
an  excess  of  the  acid.  This  salt  is  anhydrous.  It  is  decomposed 
by  ignition,  which  converts  it  into  fluoride  of  barium.  The  silico- 
fluoride  of  strontium  is  soluble. 

(527)  Sulphate  of  Baryta  (BaO,  SO3,  Eg.  ii6-6,  Sp.  Gr.  4-59) 
is  the  principal  native  mineral  of  baryta.  It  occurs  in  volcanic 
rocks  in  large  veins,  and  is  found  accompanying  the  ores  of  lead 
and  other  metals.  It  is  met  with  both  massive,  and  crystallized 
in  modifications  of  the  right  rhombic  prism.  The  name  baryta  is 
derived  from  the  high  specific  gravity  of  this  compound,  which  is 
about  4*5 .  It  is  insoluble  in  water,  and  in  all  the  acids  except 
boiling  concentrated  sulphuric  acid :  as  the  solution  in  this  acid 
cools,  crystals  of  the  sulphate  are  deposited  :  at  a  bright  red  heat 
the  sulphate  fuses  into  a  white  enamel :  and  by  boiling  the  powdered 
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sulphate  of  baryta  with  carbonate  of  potash  or  soda^  the  artificial 
sulphate  is  partially  converted  into  the  carbonate.  It  may  be 
easily  formed  by  precipitating  a  salt  of  baryta  by  any  soluble  sul- 
phate^ when  it  falls  as  a  heavy  white  powder.  Sulphate  of  baryta 
is  used  as  a  i^rmanent  white  by  artists  in  water  colours.  It  is  also 
employed  for  adulterating  white  lead ;  when  ground  with  oil_,  how- 
ever_,  it  becomes  partially  transparent^  and  impairs  the  opacity  of 
the  lead  pigment. 

The  Nitrate  of  Baryta  (BaO,  NO5,  Eq.  130-6,  Sp.  Gr.  3-284) 
crystallizes  in  anhydrous  octohedrons_,  when  a  solution  of  the  car- 
bonate of  baryta  in  nitric  acid  is  evaporated.  It  is  insoluble  in 
alcohol,  and  requires  8  or  10  times  its  weight  of  cold  water, 
and  3  of  boiling  water,  for  solution.  Nitric  acid  precipitates 
it  in  crystals  from  its  solution,  unless  very  dilute :  when  heated, 
it  decrepitates  strongly;  on  ignition,  the  whole  of  the  acid  is  ex- 
pelled, and  pure  baryta  remains. 

(528)  Carbonate  of  Baryta  (BaO,  CO2,  Eq.  98-6,  Sp.  Gr.  4-4) 
forms  the  mineral  called  witherite ;  it  occurs,  both  massive  and 
crystallized,  usually  in  six-sided  prisms  terminated  by  six-sided 
pyramids.  It  is  abundant  in  the  lead  veins  in  the  north  of 
England,  and  is  also  found  in  Styria  and  in  Siberia.  It  is  easily 
prepared  artificially  by  precipitating  a  salt  of  baryta  by  an  alkaline 
carbonate ;  it  then  forms  a  white  powder,  which  is  very  sparingly 
soluble  in  pure  water,  and  is  insoluble  in  water  charged  with  saline 
matter :  an  aqueous  solution  of  carbonic  acid  dissolves  it  rather 
freely.  Ignition  of  the  carbonate  does  not  expel  the  carbonic 
acid,  but  if  it  be  mixed  with  charcoal  and  intensely  ignited,  it  is 
partially  decomposed,  and  pure  baryta  is  formed,  which  may  be 
dissolved  out  with  water.  If  mixed  with  an  equal  weight  of  car- 
bonate of  lime,  carbonate  of  baryta  is  decomposed  without 
much  difficulty  when  ignited  in  a  current  of  steam.  The  hydrate 
of  baryta  may  be  dissolved  out  of  the  mixtm^e  by  water. 

Carbonate  of  baryta  is  now  manufactured  to  some  extent  as  a 
substitute  for  a  portion  of  the  alkali  in  the  making  of  plate  and  flint 
glass.  The  silicate  of  baryta  fuses  and  becomes  incorporated  with 
the  other  silicates.  This  carbonate  is  prepared  from  the  sulphate, 
which  is  reduced  to  the  form  of  sulphide  by  ignition  with  carbo- 
naceous matter,  and  the  sulphide  is  dissolved  in  water,  and  decom- 
posed by  a  current  of  carbonic  acid :  the  carbonate  precipitates 
as  a  fine  white  powder  (Richardson  and  Ronalds^s  translation  of 
Knapp^s  Technological  Chemistry,  vol.  ii.  p.  450). 

(^29)  Characters   of  the  Salts   or  Baryta. — The   salts  of 
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baryta  are  colourless.  The  carbonate  and  all  the  soluble  salts  act 
as  powerful  poisons,  and  have  an  acrid,  disagreeable  taste.  The 
best  antidote,  when  they  have  been  taken  internally,  is  the  sul- 
phate of  soda  or  of  magnesia. 

Salts  of  baryta  when  in  solution  are  easily  recognised  by  giving 
with  sulphuric  acid  a  white  precipitate  of  sulphate  of  baryta,  which 
is  insoluble  in  the  acids.  Baryta  is,  for  the  purposes  of  analysis 
usually  estimated  in  the  form  of  sulphate;  lOO  parts  contain 
^5 "^3  of  baryta,  and  34*37  of  sulphuric  acid. 

With  carbonate  of  potash  or  of  soda  a  white  precipitate  of  car- 
bonate of  baryta  is  produced  in  solutions  which  contain  baryta. 
Hydrosulphate  of  ammonia  gives  no  precipitate  in  such  solutions. 
Salts  of  baryta,  when  mingled  with  alcohol,  tinge  its  flame  of  a 
yellow  colour.  They  are  distinguished  from  the  salts  of  strontia 
by  forming  an  insoluble  silicofluoride  of  barium  when  mixed  with 
silicofluoric  acid,  and  by  yielding  no  immediate  precipitate  with 
oxalic  acid,  which,  however,  on  standing  causes  the  separation  of 
tufts  of  acicular  crystals  of  oxalate  of  baryta. 


§  II.  Strontium. 
Symbol,  Sr;  Equivalent,  43*84;  Specific  Gravity,  2*54. 

(530)  Strontium  is  an  element  much  less  abundantly  diffused 
than  barium,  which  it  closely  resembles  in  properties.  It  is  found 
both  as  carbonate  and  as  sulphate,  and  is  procured  in  the  metallic 
state  in  the  same  way  as  barium,  to  which  it  bears  a  relation  similar 
to  that  existing  between  potassium  and  sodium.  Strontium  is  a 
malleable  metal  of  a  pale  yellow  colour.  When  heated  in  the 
air,  it  burns  with  a  yellowish  flame,  emitting  sparks.  Water  is 
decomposed  by  it  with  evolution  of  hydrogen :  dilute  nitric  acid 
dissolves  it,  but  the  concentrated  acid  is  almost  without  action 
even  when  boiled  upon  it. 

Strontia  (SrO,  Eq.  ^'z)  may  be  obtained  from  its  nitrate  by 
ignition.  When  mixed  with  water  it  slakes,  and  forms  a  hydrate 
which  crystallizes  with  10  equivalents  of  water:  these  ciystals 
require  50  times  their  weight  of  cold  and  2  of  boiling  water  for 
solution ;  9  equivalents  of  w  ater  are  expelled  by  heat,  the  remaining 
equivalent  being  fixed  at  all  temperatures ;  at  a  full  red  heat  the 
latter  hydrate  fuses :  both  the  hydrate  and  its  solution  rapidly 
absorb  carbonic  acid  from  the  air. 

The  Chloiide  of  Strontium  (SrCl  6  aq,  Eq.  79*5  +  54,  Sp.  Gr. 
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cry  St.  2"oi5)  crystallizes  in  slightly  deliquescent  needles,  whicli 
require  less  than  their  weight  of  cold  water  for  solution ;  alcohol 
dissolves  it,  and  burns  with  a  crimson  flame.  Chloride  of  strontium 
is  rendered  anhydrous  by  a  moderate  heat;  if  heated  strongly  it 
fuses. 

Silicofluoride  of  Strontium  (SrF,  SiFg,  Eg.  ii6)  is  prepared 
by  adding  silicofluoric  acid  to  a  salt  of  strontia;  it  is  tolerably 
soluble  in  water,  thus  furnishing  a  character  which  distinguishes 
the  compounds  of  strontia  from  those  of  baryta. 

Sulphate  of  Strontia  (SrO,  SO3,  Eg.  93,  Sp.  Gr.  3*9),  the 
celestine  of  mineralogists,  is  found  crystallized  in  prisms  isomor- 
phous  with  those  of  sulphate  of  baryta ;  it  is,  hoAvever,  easily  dis- 
tinguished from  it  by  its  lower  density.  Sulphate  of  strontia  is 
very  sparingly  soluble  in  water,  but  is  taken  up  by  boiling  sul- 
phuric acid.  It  may  be  formed  by  mixing  a  solution  of  any  sul- 
phate with  a  solution  of  a  salt  of  strontia. 

Nitrate  of  Strontia  (SrO,  NO5,  Eg.  io5,  Sp.  Gr.  2704) 
crystallizes  from  hot  concentrated  solutions  in  anhydrous  octohe- 
drons,  which  are  soluble  in  5  parts  of  cold  water  and  half  their 
weight  of  boiling  water  ;  by  crystallizing  it  at  a  low  temperature  it 
may  be  obtained  in  efflorescent  crystals  with  5  equivalents  of  water. 
If  strongly  heated,  it  decrepitates,  and  then  loses  acid  and  leaves  pure 
strontia.  It  is  used  by  the  makers  of  fireworks  to  give  a  splendid 
crimson  colour  to  their  flames,  and  is  prepared  by  them  by  re- 
ducing the  native  sulphate  to  sulphide  by  heating  it  with  charcoal, 
dissolving  the  sulphide  in  water,  and  decomposing  it  with  dilute 
nitric  acid.  It  crystallizes  best  from  an  acid  solution.  A  mixture 
of  40  parts  of  nitrate  of  strontia,  5  of  chlorate  of  potash,  13  of 
sulphur,  and  4  of  sulphide  of  antimony  deflagrates  with  a  magnifi- 
cent red  colour ;  the  mixture  is  dangerous  both  to  prepare  and  to 
preserve,  having  more  than  once  been  the  occasion  of  frightful 
accidents  to  the  manufacturers  from  its  becoming  ignited  spon- 
taneously.     Nitrate  of  strontia  is  insoluble  in  alcohol. 

Carbonate  of  Strontia  (SrO,  CO2,  Eg.  74,  Sp.  Gr.  ^'6^),  the 
strontianite  of  mineralogists,  occurs  both  massive  and  crystallized. 
Mere  ignition  is  insufficient  to  expel  carbonic  acid  from  this  salt. 
It  is  scarcely  soluble  in  water,  but  is  dissolved  by  a  solution  of 
carbonic  acid.  The  process  of  preparing  it  consists  in  precipitating 
a  salt  of  strontia  by  an  alkaline  carbonate. 

(^31)  Characters  or  the  Salts  of  Strontia. — The  salts  of 
strontia  are  all  colourless :  they  have  a  bitter  acrid  taste,  but  are 
not  poisonous.      They  are  distinguished  before  the  blowpipe  by  the 
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red  colour  whicli  they  communicate  to  the  flame.  Reagents  produce 
the  same  effects  as  upon  salts  of  baryta,  excepting  that  neither 
silicofluoric  acid  nor  the  hyposulphite  of  soda  yields  any  pre- 
cipitate in  the  solutions  of  the  salts  of  strontia.  Oxalic  acid  gives 
an  immediate  turbidity  in  them.  The  compounds  of  strontia  are 
distinguished  from  those  of  lime  by  the  gradual  formation  of  a 
white  precipitate  on  agitation  after  the  addition  of  a  solution  of 
sulphate  of  lime.  The  sulphate  of  strontia  is  used  for  determining 
the  amount  of  this  earth  in  analysis :  it  contains  in  lOO  parts 
5777  of  strontia. 

§  HI.  Calcium. 
Symbol,  Ca;  Equivalent,  20;  Specific  Gravity,  1*578. 

{53^)  Calcium  forms  one  of  the  most  abundant  and  important 
constituents  of  the  crust  of  the  globe.  It  is  the  metallic  basis  of 
lime.  Calcium  occurs  in  nature  in  combination  with  fluorine, 
forming  the  different  varieties  of  fluorspar;  it  is  still  more  abun- 
dant in  the  various  forms  of  carbonate  of  lime,  in  which  it  is 
united  with  oxygen  and  carbonic  acid ;  and  it  is  also  met  with  in 
large  quantities  as  gypsum,  which  is  a  hydrated  sidphate  of  lime. 

Calcium  was  obtained  by  Dr.  Matthiessen  (Q.  Journ.  Chem, 
Soc.  viii.  28)  by  the  electrolytic  decomposition  of  a  mixture  con- 
sisting of  2  equivalents  of  chloride  of  calcium  and  i  equivalent  of 
chloride  of  strontium.  The  mass  may  be  fused  in  a  Hessian 
crucible,  in  the  centre  of  which  is  placed  a  porous  tube  filled  with 
the  same  mixture,  and  into  this  an  iron  wire  passed  through  the  stem 
of  a  tobacco  pipe  is  inserted :  this  wire  is  connected  with  the 
platinode  of  the  battery,  the  zincode  of  which  consists  of  a  plate 
of  sheet  iron  bent  into  a  cylindrical  form,  and  immersed  in  the 
melted  mass  exterior  to  the  porous  tube :  the  calcium  is  reduced 
and  preserved  from  oxidation  by  so  regulating  the  heat  that  a 
film  of  solidified  salt  shall  form  upon  the  surface  of  the  mixture  in 
the  porous  cell. 

Calcium  is  a  light  yellow  metal,  of  the  colour  of  gold  alloyed 
with  silver;  in  hardness  it  is  intermediate  between  lead  and  gold; 
it  is  very  malleable  and  can  readily  be  hammered  into  leaves 
thinner  than  writing  paper.  It  melts  at  a  red  heat.  At  ordinary 
temperatm^es  it  tarnishes  within  a  day  or  two,  even  in  dry  air,  and 
in  the  presence  of  moisture  it  is  slowly  oxidized.  Heated  to  redness 
on  platinum  foil,  it  burns  with  a  brilliant  scintillating  white  light. 
It  readily  amalgamates  with  mercury :  when  heated  in  chlorine,  or 
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ill  the  vapoiir  of  bromine^  iodme_,  or  sulphur,  the  combustion  is 
accompanied  by  an  extremely  vivid  light.  Water  is  rapidly  de- 
composed by  calcium,  lime  being  formed  and  hydrogen  evolved. 
Concentrated  nitric  acid  does  not  attack  the  metal  until  heated  to 
the  boiling  point,  though  it  is  rapidly  dissolved  by  the  dilute  acid. 
Dr.  Matthiessen  found  that  the  chloride  of  calcium  is  not  decom- 
posed by  heating  it  with  potassium  or  sodium ;  and  he  concludes 
that  the  properties  formerly  assigned  to  calcium  were  really  due 
to  a  mixture  of  potassium  with  aluminum  and  silicon. 

{533)  Lime,  (CaO);  Eg.  28  ;  Sp.  Gr.  3-08  (Le  Royer  and 
Dumas). — Calcium  forms  only  one  oxide — viz.,  lime,  which  has 
been  known  from  time  immemorial.  It  is  obtained  in  a  state 
of  purity  by  heating  pure  carbonate  of  lime  to  full  redness;  this 
carbonate  occurs  very  nearly  pure  either  in  black  or  in  Carrara 
marble,  which  if  burnt  in  an  open  fire  for  an  hour  or  two,  yields  it 
very  nearly  free  from  foreign  matters.  For  commercial  purposes^ 
common  limestone,  which  is  an  impure  carbonate  of  lime,  is  burned 
in  a  kiln,  the  cavity  of  which  is  usually  either  egg-shaped,  or  in  the 
form  of  an  inverted  truncated  cone :  it  is  charged  with  alternate 
layers  of  coal  and  limestone,  and  the  fire  is  kindled.  The  lime,  as 
it  is  burned,  gradually  sinks  down,  and  is  removed  by  openings  at 
the  base  of  the  furnace,  and  a  fresh  supply  of  coal  and  limestone  is 
supplied  at  the  top  of  the  kiln.  The  limestone  should  not  be  too 
dry ;  that  which  has  recently  been  quarried  answers  best.  In  damp 
weather,  too,  the  operation  succeeds  better  than  in  a  dry  state  of  the 
atmosphere;  indeed,  the  process  is  facilitated  by  injecting  steam 
into  the  kiln,  although  in  practice  the  advantage  which  is  gained 
does  not  compensate  for  the  increased  expense  and  trouble.  Car- 
bonate of  lime  cannot  be  decomposed  without  the  concurrence  of 
aqueous  vapour;  an  interchange  between  the  steam  and  the  car- 
bonic acid  appears  to  be  thus  effected,  but  the  hydrate  which  is 
produced  is  quickly  destroyed  again. 

Pure  lime,  or  quick  lime,  is  a  white  caustic  powder,  which  has 
hitherto  resisted  all  attempts  to  fuse  it. 

Hydrate  of  Lime  (CaO,HO),£^§'-37i  SlackedLime. — When  water 
is  poured  upon  lime,  it  swells  up  and  enters  into  combination  with 
the  water ;  if  the  proportion  of  water  be  not  too  great,  a  light 
dry  powder  is  formed,  attended  with  a  powerful  extrication  of 
heat :  so  great  is  the  heat  thus  developed  that  fires  have  several 
times  been  traced  to  this  source.  The  hydrate  which  is  formed  is 
a  definite  compound  of  i  equivalent  of  water  with  i  equivalent  of 
lime.    Lime,  when  exposed  to  the  air,  slowly  attracts  both  water  and 
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carbonic  acid;  as  a  result  of  this  action  it  falls  to  powder,  and 
becomes  what  is  termed  air  slacked ;  in  this  case  a  compound  is 
gradually  formed,  which  consists  of  an  equivalent  of  carbonate  with 
an  equivalent  of  hydrate  of  lime,  CaO,  COg  +  CaO,  HO. 

Lime  is  soluble  in  about  700  parts  of  cold  water;  this  solu- 
tion is  know  n  as  lime  water ;  the  earth,  however,  is  less  soluble  in 
hot  than  in  cold  water,  so  that  if  lime  water  saturated  in  the  cold 
be  raised  to  the  boiling  point,  half  the  lime  is  deposited,  and  is  re- 
dissolved  as  the  solution  cools.  Lime  water  is  much  employed  as 
a  test  for  the  presence  of  carbonic  acid,  which  instantly  renders  it 
turbid :  it  has  a  distinct  alkaline  reaction,  and  an  acrid  taste :  by 
evaporathig  it  in  vacuo.  Gay  Lussac  obtained  from  it  the  protohy- 
drate  of  lime  crystallized  in  hexahedral  plates.  Hydrate  of  lime  is 
decomposed  by  a  red  heat,  and  pure  lime  remains. 

Milk  of  lime  is  merely  hydrate  of  lime  dijQFased  through  water  : 
in  slacking  lime  for  its  preparation,  and  indeed,  generally  where  the 
hydrate  is  required  in  a  fine  state  of  subdivision,  it  is  best  to  use 
boiling  water  in  quantity  nearly  equal  to  twice  the  weight  of  the 
lime ;  the  powder  may  afterwards  be  readily  diffused  through  cold 
water. 

(534)  Mortars  and  Cements. — The  great  consumption  of  lime 
in  the  arts  is  for  the  purpose  of  making  mortars  and  cements. 
Pure  lime,  when  made  into  a  paste  with  water,  forms  a  somewhat 
plastic  mass,  which  sets  into  a  solid  as  it  dries,  but  it  gradually 
cracks  and  falls  to  pieces.  It  does  not  possess  sufficient  cohesion 
to  be  used  alone  as  a  mortar ;  to  remedy  this  defect  and  to  prevent 
the  shrinkage  of  the  mass  the  addition  of  sand  is  found  to  be 
necessary.  Ordinary  mortar  is  prepared  by  mixing  i  part  of  lime 
into  a  thin  paste  with  water,  and  adding  3  or  4  parts  of  sharp  sand, 
of  tolerable  fineness :  the  materials  are  then  thoroughly  incorpo- 
rated, and  passed  through  a  sieve  to  separate  lumps  of  imperfectly 
burned  lime :  a  suitable  quantity  of  water  is  afterwards  worked 
into  it,  and  it  is  then  applied  in  a  thiti  layer  to  the  surfaces  of  the 
stones  and  bricks  which  are  to  be  united.  The  bricks  or  stones 
are  moistened  with  water  before  applying  the  mortar,  in  order  that 
they  may  not  absorb  the  water  from  the  mortar  too  rapidly.  The 
completeness  of  the  subsequent  hardening  of  the  mortar  depends 
mainly  upon  the  thorough  intermixture  of  the  lime  and  sand. 

The  theory  of  the  hardening  of  mortar  is  obscure.  The  mortar 
gradually  becomes  dry  upon  its  surface,  and  at  the  same  time  it 
absorbs  carbonic  acid  from  the  air ;  but  this  change  is  never  com- 
plete, for  the  central  portions,  after  a  lapse  of  many  ages,  are  still 
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found  to  contain  free  lime  in  abundance  :  mortar  taken  by  Dr.  Mal- 
colmson  from  the  Great  Pyramid  was  still  found  to  contain  a  large 
proportion  of  hydrate  of  lime.  A  mixture  of  carbonate  of  lime  with 
the  lime  appears  to  set  harder  than  pure  lime  only.  A  gradual  com- 
bination also  takes  place  between  the  lime  and  the  silica  of  the  sand : 
each  grain  of  sand  thus  becomes  superficially  converted  into  a 
hydrated  silicate  of  lime,  forming  a  compomid  which  by  degrees 
acquires  considerable  hardness,  and  contributes  greatly  to  the  soli- 
dification of  the  mortar.  All  old  mortar,  when  treated  with  an 
acid,  yields  a  small  proportion  of  gelatinous  silica. 

Limestones  vary  greatly  in  composition ;  being  rocks  of  sedi- 
mentary origin,  they  are  not  pure  chemical  substances,  but  consist 
of  a  mixture  of  various  bodies,  in  which  carbonate  of  lime  is  the 
prevailing  ingredient.  The  difierent  varieties  of  limestone  are  dis- 
tinguished according  to  the  nature  of  the  most  important  of  these 
admixtures.  Thus  a  limestone  is  described  as  magnesian,  argilla- 
ceous, ferruginous,  sandy,  or  bituminous,  according  as  it  is  charac- 
terized by  the  presence  of  carbonate  of  magnesia,  clay,  oxide  of  iron, 
sand,  or  bituminous  matter.  These  different  limestones,  when 
burned,  yield  lime  of  very  different  characters,  which  are  particu- 
larly manifested  by  the  action  of  water  upon  them.  The  purer  the 
lime,  the  more  quickly  does  it  combine  with  water  when  mixed  with 
it.  Such  pure  limes  are  technically  termed  rich  or  fat  limes ;  they 
slack  rapidly,  during  which  operation  they  swell  up  and  greatly 
increase  in  bulk ;  they  become  extremely  hot,  and  yield  a  soft,  fine, 
dense  paste :  while  those  which  contain  much  magnesia,  silica,  or 
alumina,  slack  slowly,  emit  but  little  heat,  and  are  technically 
termed  poor. 

In  slacking  for  mortar,  a  fine  smooth  paste  is  required  :  in  order 
to  secure  this  point,  the  slacking  should  be  effected  quickly,  with 
about  3  parts  of  water  to  i  of  lime ;  the  mass  then  swells  to 
between  3  and  4  times  its  former  bulk ;  if  too  little  water  be  used, 
a  crystalline  granular  hydrate  is  formed. 

The  temperature  required  for  burning  lime  varies  with  the 
composition  of  the  limestone.  When  a  siliceous  limestone  is  burnt, 
the  silica  combines  with  the  lime  if  the  temperature  be  too  high 
and  be  too  suddenly  raised,  and  a  coating  of  silicate  forms  on  the 
surface  of  the  mass,  which  becomes  partially  vitrified.  Such  lime 
slacks  very  imperfectly,  and  is  said  to  be  dead  burnt.  Occasionally 
dead  burnt  lime  is  a  basic  carbonate,  2  CaO,  COg,  which  is 
produced  by  insufficient  burning  (Fuchs). 

iS?)5)  Ordinary  mortar,  when  placed  in  water,  gradually 
softens    and    disintegrates^  whilst   the  lime  dissolves    away.     It 
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cannot  therefore  be  used  for  subaqueous  constructions.  Some 
poor  limes,  however,  which  contain  from  lo  to  30  per  cent, 
of  finely  divided  silica  or  clay,  furnish  a  mortar  which  possesses 
the  valuable  property  of  hardening  under  water,  forming  what 
are  termed  hydraulic  limes.  These  limes  may  be  artificially 
imitated  by  mixing  with  the  lime  a  due  proportion  of  clay  not  too 
strongly  burnt.  At  Puzzuoli,  near  Naples,  a  porous  volcanic  mate- 
rial is  found  which  has  received  the  name  of  puzzuolana.  This 
substance,  when  powdered  and  mixed  with  ordinary  lime,  confers 
upon  it  the  property  of  yielding  an  excellent  hydraulic  mortar.  It 
is  found  that  a  puzzuolana  which  is  easily  attacked  by  sulphuric 
acid  is  more  effective  than  one  which  resists  the  action  of  the 
acid.  Puzzuolana  consists  chiefly  of  silicates  of  alumina,  lime, 
and  soda.  Eisner  gives  the  following  as  the  composition  of  a  sample 
of  puzzuolana  which  he  analysed: — 


Matter  soluble  in  acid 
49-01 


Matter  insoluble  in  acid 
42-98 


Silica 1 1 '50 

Oxide  of  iron  .     .     .     .  11 '77 

Alumina i7"7o 

Lime       3-16 

Magnesia 2*15 

Potash 0*29 

Soda 2*44 

S^li.^/       • 37  44 

Oxide  or  iron  ....  0*57 

Alumina 1*25; 

Lime       2-25 

Magnesia 0*27 

Potash o'o8 

Soda 1-12 

Water       7'65 


99-64 

Many  other  substances,  when  added  to  lime,  confer  upon  it 
hydraulic  properties  to  a  greater  or  less  extent.  Carbonate  of 
magnesia  is  one  of  these.  If  ordinary  quick  lime  be  reburnt  at  a 
dull  red  heat,  it  also  acquires  hydraulic  properties  (Capt.  H.  Scott). 
M.  Vicat  (whose  treatise  on  mortars  and  cements  contains  a  mass 
of  valuable  information  and  careful  investigation  on  this  important 
practical  subject)  established  a  manufactory  of  hydraulic  lime  at 
Meudon,  near  Paris.  Four  parts  of  chalk  were  ground  and  levi- 
gated in  water  with  i  part  of  clay,  so  as  to  obtain  a  very  intimate 
mixture  of  the  materials,  which  were  allowed  to  subside,  moulded 
into  blocks,  dried,  and  calcined  at  a  carefully  regulated  tempera- 
ture. Portland  Cement  is  a  hydraulic  mortar  similar  to  the  above. 
It  is  made  from  clay  obtained  from  the  valley  of  the  Medway,  and 
from  chalk  found  in  the  same  neighbourhood :  it  derives  its  name 
from  the  circumstance  that  in  colour,   when  dry,  it  resembles 
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Portland  stone.  It  is  prepared  by  thorouglily  grinding  the  clay 
and  clialk  with  water,  allowing  them  to  deposit,  then  drying  and 
burning  the  mixture  until  it  undergoes  slight  vitrification ;  the 
mass  is  ground,  and  when  mixed  with  a  proper  proportion  of  water, 
it  forms  a  cement  which  possesses  great  hardness  and  tenacity ;  it 
expands  as  it  solidifies. 

The  rapidity  with  which  these  different  kinds  of  hydraulic 
limes  set,  varies  considerably  with  their  composition.  If  the  clay  do 
not  exceed  lo  per  cent,  of  the  mass,  the  mortar  requires  several 
weeks  to  harden.  If  the  clay  amount  to  from  15  to  25  per  cent, 
it  sets  in  two  or  three  days,  and  if  from  25  to  ^^  per  cent,  of  clay 
be  present,  the  solidification  occurs  in  a  few  hours.  The  substance 
to  which  the  term  Roman  cement  is  applied,  is  a  lime  of  this  latter 
description.  Koman  cement  was  originally  prepared  from  nodules 
of  septaria  which  occur  in  the  bed  of  the  Thames.  It  sets  a  few 
hours  after  the  mixture  with  water  has  been  effected,  and  it  soon 
rivals  stone  in  hardness.  According  to  Meyer,  the  composition  of 
the  nodules  employed  in  the  preparation  of  the  cement  is  the 
following  : — 

Carbonate  of  lime     .     .  66*99 

„            magnesia  .  1*67 

„            of  iron      .  6*95 

Alumina 0*39 

I  Silica 1689 

oxTofirok :  :  :  :  1-72 

Lime -005 

Magnesia 0*37 

The  cement  obtained  from  the  neighbourhood  of  Boulogne  is 
almost  identical  in  composition  with  the  foregoing,  and  similar 
materials  have  been  obtained  in  other  countries,  particularly  in 
the  beds  of  the  Jurassic  formation. 

Concrete  is  a  mixture  of  hydraulic  mortar  with  small  pebbles 
coarsely  broken. 

In  order  that  hydraulic  lime  may  properly  harden,  it  must  not 
be  submerged  till  it  begins  to  set ;  it  should  then  be  kept  moist 
until  it  is  quite  hard,  otherwise  it  always  remains  porous.  Care 
must  be  taken  in  burning  these  limes  not  to  subject  them  to  too 
high  a  temperature,  otherwise  they  become  dead  burnt,  the  silica 
and  alumina  combining  with  the  lime  in  the  furnace  instead  of  the 
combination  occurring  when  made  into  mortar.  The  success  of 
the  preparation  of  a  hydraulic  lime  appears  to  depend  upon  the 
formation  of  a  finely  divided  silica  and  alumina,  uniformly  dis- 
seminated through  the  mass.    The  occurrence  of  any  vitrification  of 


Matter  soluble  in  acid 
76-0 
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the  particles  preventing  their  subsequent  union  with  the  hydrate 
of  lime.  The  immediate  cause  of  solidification  in  these  hydraulic 
limes  appears  to  be  the  formation  of  a  hydrated  compound  of  lime 
with  the  silica  and  alumina^  but  in  process  of  time  a  silicate  and 
aluminate  of  lime  are  formed. 

(53^)  Oi^i^^  '^ses  of  Lime. — Lime  is  also  largely  employed  as 
a  manure,  and  it  is  particularly  valuable  upon  very  rich  vegetable 
soils,  such  as  those  formed  over  peat  bogs ;  its  effects  in  these 
cases  are  partially  due  to  the  decomposition  of  the  organic  matter, 
which  it  renders  soluble  and  capable  of  assimilation,  while  the  lime 
itself  is  converted  into  carbonate.  It  has  been  found  that  limestone, 
containing  much  carbonate  of  magnesia,  yields  a  lime  unsuited  to 
agricultural  purposes  :  this  is  attributed  to  the  fact  that  magnesia 
absorbs  carbonic  acid  much  more  slowly  than  lime,  and  remains 
caustic  for  a  longer  period,  in  which  state  it  appears  to  be  injurious 
to  the  tender  shoots  of  the  young  plants. 

The  strong  affinity  of  lime  for  carbonic  acid  renders  it  a  valu- 
able material  for  separating  this  acid  from  the  carbonates  of  potash 
and  soda,  which  may  thus  be  obtained  in  a  caustic  form.  Its 
attraction  for  water  furnishes  a  means  of  removing  this  liquid  from 
many  substances,  such  as  alcohol,  which  retain  it  with  considerable 
force ;  the  finely  powdered  lime  is  mixed  with  the  alcohol,  and  the 
mixture  having  been  allowed  to  stand  for  a  few  days,  with  occa- 
sional agitation,  is  subjected  to  distillation :  the  anhydrous  alcohol 
passes  over,  leaving  the  water  combined  with  the  lime.  Lime  is 
employed  also  as  a  direct  chemical  agent  in  the  purification  of 
coal-gas,  and  as  a  means  of  loosening  the  epidermis,  and  facili- 
tating the  removal  of  the  hair  from  hides,  as  a  preliminary  to  the 
process  of  tanning. 

Binoxide  of  hydrogen  forms  an  insoluble  compound  with  lime, 
which  precipitates  in  crystalline  scales  when  the  binoxide  is 
poured  into  lime  water :  it  is  very  unstable,  and  undergoes  spon- 
taneous decomposition  at  the  temperature  of  the  air.  This  sub- 
stance is  generally  spoken  of  as  binoxide  of  calcium. 

(537)  Sulphides  of  Calcium. — Calcium  forms  several  compounds 
with  sulphur. 

The  protosulphide  of  calcium^  (CaS),  Eq.  36,  is  procured  by 
decomposing  a  mixture  of  sulphate  of  lime  and  charcoal  by  heat,  as 
directed  for  sulphide  of  barium.  It  is  very  sparingly  soluble  in 
water,  and  is  phosphorescent  when  newly  prepared.  This  property 
was  first  observed  by  Canton,  in  an  impure  sulphide  of  calcium, 
which  he  obtained  by  calcining  oyster  sheUs  in  an  open  fire  for  half 

3  F 
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an  hour,  then  selecting  the  whitest  and  largest  portions,  and  pack- 
ing them  with  one-third  of  their  weight  of  flowers  of  sulphur  in  a 
crucible  with  a  luted  cover;  this  was  heated  strongly  for  an  hour: 
when  cold,  the  crucible  was  broken,  and  the  whitest  pieces  were 
placed  in  well-closed  bottles. 

By  boiling  slacked  lime  with  excess  of  sulphur,  a  pentasul- 
phide  of  calcium  is  obtained,  and  hyposulphite  of  Hme  is  formed  at 
the  same  time ;  3  CaO  -1- 1 2  S  =  2  CaSg  +  CaO,  S2O2. 

(538)  Phosphide  of  Calcium,  (CagP);  Eq.  72. — This  compound 

presents   some   interest,    from  its  afi^ording  the  most   convenient 

source  of  the   phosphides  of  hydrogen  (376).      It  is  prepared  by 

distilling  phosphorus  over  lime  heated  to  low  redness  :   a  mixture 

of  phosphide   of    calcium   and    phosphate   of  lime   is   the  result, 

7  P+T4  CaO  =  2(2  CaO,  P05)4-5Ca2P  (P.  Thenard).      The  most 

convenient  method  of  conducting  the  operation 

Pig.  297.  is   shown   in   fig.  297.      In  the  lower  part    of 

A  A, ([a,/ A  a  narrow  deep   crucible,  a,  a  hole  is  drilled  for 

^^^^^M§J         the  reception  of  the  neck  of  a  flask,  b,  which 

t^^STlM^^fci    is  luted  into  the  aperture  ;  a  quantity  of  dry 

^^8i^^l        phosphorus  is  placed  in  the  flask,  and  the  cru- 

^^HlB  I        cible  is  filled  with  quick  lime,  broken  into  frag- 

J^^^^E^SL     ments  the  size  of  a  nut ;  a  lid  is  then  luted  upon 

the  top  of  the  crucible.    The  upper  part  of  the 

crucible  is  then  raised  to  a  red  heat  as  quickly 

as  possible  by  surrounding  it  with  ignited  char- 

'   coal,  the  lower  part  of  the  furnace  having  been 

filled  with  cold   charcoal,  to  prevent  the  heat  from  reaching  the 

phosphorus  too  rapidly ;  the  phosphorus  gradually  volatilizes  as  the 

heat  reaches  it.      If  the  heat  be  too  high,  the  phosphorus  distils 

over  without  combining  with  the  calcium. 

Phosphide  of  calcium  is  of  a  dull  red  colour,  and  is  hard  enough 
to  strike  fire  with  steel;  it  experiences  no  change  in  dry  air  or  in 
oxygen  at  the  ordinary  temperature.  At  a  high  temperature  it 
becomes  partially  decomposed  by  oxygen,  chlorine,  or  hydrochloric 
acid ;  in  a  moist  atmosphere  it  slacks,  emits  phosphuretted  hydro- 
gen, and  crumbles  to  a  brown  powder.  This  powder,  when  thrown 
into  water,  or  heated  to  212°,  evolves  phosphuretted  hydrogen, 
which  is  not  self-lighting,  and  is  mixed  with  free  hydrogen. 

Phosphide  of  calcium,  in  its  unslacked  form,  is  decomposed 
when  thrown  into  water;  phosphuretted  hydrogen  gas  is  evolved, 
and  takes  fire  with  the  phenomenon  already  described  (376):  dilute 
acids  produce  its  decomposition  stiU  more  rapidly. 
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(639)  Chloride  of  Calcium,  (CaCl,  6  aq).  Eg.  S6'6  +  54f  ^P-  ^^^ 
fused,  2'485,  cryst.  i*68o. — This  salt  is  prepared  by  dissolving  chalk 
in  hydrochloric  acid,  evaporating  to  dryness,  and  fusing  the  residue 
at  a  red  heat.  By  evaporation  of  its  solution  it  may  be  obtained  in 
striated  prismatic  four-sided  crystals,  with  6  equivalents  of  water ; 
and  if  heated  to  300°  it  forms  a  porous  mass  which  still  retains  2 
equivalents  of  water ;  in  this  state  it  is  well  adapted  for  the  desic- 
cation of  gases.  It  is  an  extremely  deliquescent  salt,  is  soluble  in 
alcohol,  and  may  be  obtained  from  its  alcoholic  solution  crystallized 
in  rectangular  plates,  containing  2  equivalents  of  alcohol.  Chloride 
of  calcium  absorbs  ammonia  rapidly,  and  forms  a  compound  with  4 
equivalents  of  the  gas.  A  solution  of  the  chloride,  if  boiled  with 
quick  lime  and  filtered  while  hot,  deposits  long,  flat,  thin  crystals 
of  a  hyd  rated  oxy chloride,  consisting  of  (CaCl,  3  CaO,  15  aq),  which 
are  decomposed  both  by  water  and  by  alcohol. 

Fluoride  of  Calcium  (CaF,  Eg.  39,  Sp.  Gr.  3-14)  is  an  abun- 
dant mineral,  well  known  as  fluorspar,  which  occurs  either  massive 
or  crystallized  in  forms  allied  to  the  cube.  It  is  found  accom- 
panying the  lead  veins  in  Cumberland,  Derbyshire,  and  Cornwall, 
and  is  met  with  in  a  variety  of  other  localities,  of  various  colours, 
most  frequently  blue,  green,  or  white.  Fluorspar  is  the  principal 
source  whence  the  compounds  of  fluorine  are  obtained.  Fluoride 
of  calcium,  in  minute  quantity,  is  found  in  sea  water  (Dr.  G.  Wilson), 
and  in  many  springs  :  it  is  a  never-failing  companion  of  phosphate 
of  lime  in  the  bones  and  teeth  of  animals,  and  indeed  is  always 
found  to  accompany  phosphate  of  lime  in  the  mineral  kingdom  also 
in  small  but  variable  quantities.  Most  varieties  of  fluorspar,  when 
gently  heated,  become  phosphorescent,  emitting  a  pale  green  or 
violet  light ;  if  heated  more  strongly,  the  crystals  decrepitate,  and 
each  fragment  becomes  enveloped  for  a  few  seconds  in  a  beautiful 
halo  of  light.  It  loses  this  property  after  having  been  once  heated ; 
a  phosphorescent  fluor,  dissolved  in  hydrochloric  acid,  and  preci- 
pitated by  ammonia,  retains  its  power  of  emitting  light  when  heated, 
but  if  it  had  been  previously  heated  sufiiciently  to  destroy  the 
phosphorescence,  this  property  is  not  restored  by  solution  and 
reprecipitation. 

Fluoride  of  calcium  absorbs  sulphuric  acid  if  mixed  with  it  at  a 
low  temperature,  and  forms  a  transparent,  viscous  mass,  from  which 
fumes  of  hydrofluoric  acid  are  evolved  by  heating  it  to  100°.  Fluor- 
spar luidcrgoes  no  change  when  heated  with  anhydrous  sulphuric 
acid,  but  with  dry  boracic  acid  it  yields  borate  of  lime  and  borofluoric 
acid.    Hydrochloric  acid  dissolves  it  in  small  quantity.    When  fused 
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witli  the  alkalies,  it  undergoes  no  change :  with  the  carbonated  alka- 
lies fluoride  of  the  alkaline  metal  and  carbonate  of  lime  are  formed. 
If  heated  with  sulphate  of  lime,  it  fuses  and  forms  a  glass  which  is 
transparent  when  hot,  but  enamel  white  when  cold.  In  proper  pro- 
portions it  often  forms  a  valuable  flux  in  smelting  the  ores  of 
various  metals,  and  hence  the  name  fluor  is  derived. 

(540)  Sulphate  of  Lime,  (CaO,  SO3),  Eq.  68,  Sp.  Gr.  2*95:  crys- 
tallized as  gypsum  (CaO,  SO3,  2  HO),  Eq.  68  +  18,  Sp.  Gr.  2'3o. — 
This  compound  occurs  free  from  water  in  the  mineral  anhydrite,  crys- 
tallized in  rectangular  prisms,  which  are  found  in  the  salt  rocks  of 
the  Tyrol,  and  in  Upper  Austria ;  but  it  is  much  more  abundant  as 
a  hydrate  with  2  equivalents  of  water  :  it  is  then  met  with  either  in 
transparent  flattened  prisms,  known  as  selemte,  or  still  more  fre- 
quently in  a  fibrous,  granular,  compact,  or  earthy  form,  consti- 
tuting the  different  varieties  of  gypsum  and  alabaster.  Sulphate  of 
lime  is  a  very  common  impurity  in  spring  water.  Such  waters  are 
termed  seletiitic ;  they  deposit  upon  the  interior  of  boilers  in  w^hich 
they  are  used,  a  strougly  adherent  fur  or  crust,  the  composition  of 
which  is  2 (CaO,  SO3)  aq. 

Sulphate  of  lime  is  produced  whenever  a  strong  solution  of  a 
salt  of  lime  is  precipitated  by  any  sulphate,  in  which  case  it  falls  as 
a  white  voluminous  sparingly  soluble  hydrate,  which  requires  about 
400  parts  of  water  for  its  solution.  When  heated  it  loses  its  water, 
and  if  the  temperature  be  raised  to  bright  redness,  the  anhydrous 
mass  fuses,  and  may  be  obtained  in  crystals  the  same  in  form  as 
those  of  anhydrite. 

Gypsum  constitutes  a  manure  of  considerable  value  when  judi- 
ciously employed ;  but  the  most  remarkable  property  of  sulphate  of 
lime,  and  that  for  which  it  is  chiefly  valued,  is  the  power  which  the 
hydrated  variety  possesses,  after  it  has  been  deprived  of  water  by  a 
heat  not  exceeding  500°,  of  again  combining  with  water,  and  bind- 
ing or  setting  into  a  hard  mass.  If  the  dry  powder  be  made  into 
a  thin  paste  with  water,  the  mixture  becomes  solid  in  a  few  minutes, 
expands  considerably  at  the  moment  of  solidification,  and  emits  a 
considerable  amount  of  heat :  a  combination  of  2  equivalents  of 
water  with  i  of  sulphate  of  lime  occurs,  and  eventually  it  becomes 
as  hard  as  the  original  gypsum.  Gypsum  which  has  been  dried  at 
this  regulated  temperature  is  converted  into  a  white  friable  mass, 
which  w^hen  gromid  to  a  fine  powder  is  known  in  the  arts  under 
the  name  of  plaster  of  Paris,  from  the  circumstance  of  the  mineral 
being  extensively  found  in  the  environs  of  the  French  metropolis. 
It  is  however  particularly  worthy  of  observation,  that  if  the  sul- 
phate be  heated  to  redness,  it  becomes  very  much  denser,  assumes 
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a  crystalline  structure,  and  loses  the  power  of  setting  or  solidifying 
when  mixed  with  water  by  recombining  with  the  %  equivalents  it 
had  lost. 

Plaster  of  Paris  is  manufactured  in  large  quantities  for  archi- 
tectural purposes  :  it  is  also  largely  used  in  modelling,  and  in  taking 
accurate  copies  of  objects  of  every  description.  Suppose,  for  in- 
stance, it  were  desired  to  copy  a  medal :  a  raised  rim  of  pasteboard 
is  attached  to  the  medal,  which  is  anointed  with  a  little  oil,  to 
prevent  the  plaster  from  adhering  to  its  surface.  The  dried  plaster 
is  then  mixed  with  water  till  it  is  of  the  consistence  of  thin  cream, 
and  is  immediately  applied  carefully  with  a  hair  pencil  to  every  part 
of  the  surface,  so  as  to  exclude  air,  after  which  a  thicker  cream  is 
poured  into  the  mould  :  in  a  few  minutes  the  mass  becomes  solid, 
and  the  cast  may  be  removed  from  the  medal. 

The  addition  oi  i  ov  2  per  cent,  of  many  salts,  particularly  of 
alum,  of  sulphate  of  potash,  or  of  borax,  confers  upon  gypsum  some 
properties  of  considerable  practical  importance.  Gypsum  which 
has  been  thus  treated  will  endure  a  dull  red  heat  without  losing  its 
power  of  setting  when  mixed  with  water.  It  becomes  much  denser 
than  ordinary  plaster,  and  when  mixed  with  water,  sets  in  the  course 
of  a  few  hours  and  forms  a  hard  material  which  takes  a  high 
polish.  Keene's,  Martin's,  and  Keating's  cement  are  the  names 
under  which  plaster  so  treated  is  known.  Stucco  consists  of 
coloured  plaster,  mixed  with  a  solution  of  size.  The  different 
colours  exhibited  by  stucco  are  obtained  by  the  admixture  of  oxides 
of  iron  and  other  metals.  By  friction  its  surface  is  susceptible  of 
a  high  polish. 

Sulphate  of  lime  forms  a  double  salt  with  sulphate  of  soda, 
which  is  found  native  under  the  name  of  fflauberite  (NaO,  SO3  + 
CaO,  SO3) ;  it  is  anhydrous,  and  nearly  insoluble  in  water. 

Nitrate  of  Lime  (CaO,  NO5  6  aq,  Eq.  82  +  54)  is  a  deliques- 
cent salt,  which  crystallizes  in  long  prisms;  when  anhydrous,  it 
emits  light  if  gently  heated.      It  is  soluble  in  alcohol. 

(541)  Carbonate  of  Lime  (CaO,  COg) ;  Eq.  50;  Sp.  Gr.  of 
Iceland  spar,  272,  of  Aragonite,  2'97.  This  substance  is  one  of  the 
most  abundant  components  of  rocks  and  minerals.  In  the 
amorphous  condition,  it  forms  the  different  varieties  of  limestone, 
oolite,  chalk,  and  calcareous  marl ;  it  is  the  principal  constituent 
of  corals,  of  the  shells  of  fishes,  and  of  the  eggshells  of  birds ;  it 
also  enters  in  greater  or  less  quantity  into  the  bones  of  animals. 
In  minute  granular  crystals  it  forms  the  different  kinds  of  marble, 
and  it  is  found  in  a  greater  variety  of  regular  crystalline  forms 
than  any  other  known  compound.      Its  primary  form  is  a  rhombo- 
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hedron,  as  is  seen  in  Iceland  spar,  but  it  also  occurs  in  the  in- 
compatible form  of  aragonite,  in  six-sided  prisms,  and  is  con- 
sequently dimorphous.  Aragonite  is  isomorphous  with  carbonate 
of  strontia,  and  its  crystals  not  unfrequently  contain  small  quan- 
tities of  this  mineral,  the  occurrence  of  which  it  is  supposed  may 
assist  in  determining  the  assumption  of  the  prismatic  form  by  the 
carbonate  of  lime.  When  aragonite  is  heated  it  falls  to  powder, 
and  the  grains  are  stated  to  assume  the  form  of  minute  rhombs. 
Carbonate  of  lime  is  produced  whenever  a  salt  of  lime  is  preci- 
pitated by  the  addition  of  an  alkaline  carbonate,  and  if  the  solu- 
tions are  mixed  at  the  boiling  point,  the  carbonate  falls  in  micro- 
scopic crystals,  having  the  form  of  aragonite. 

It  is  sometimes  necessary  to  obtain  a  perfectly  pure  carbonate 
of  lime ;  for  this  purpose  solution  of  nitrate  of  lime  may  be  mixed 
with  an  excess  of  lime  water,  which  precipitates  oxide  of  iron  and 
other  metallic  oxides;  the  filtered  solution  is  decomposed  by 
the  addition  of  a  mixture  of  ammonia  and  sesquicarbonate  of  am- 
monia ;  the  precipitate  is  washed  thoroughly,  then  dried  and  heated 
to  low  redness. 

Carbonate  of  lime  is  decomposed  by  a  red  heat,  if  the  acid 
can  freely  escape ;  but  in  close  vessels  it  fuses  without  undergoing 
decomposition,  and  on  cooling  forms  a  granular  crystalline  mass, 
like  marble. 

A  combination  of  carbonate  of  lime  and  soda,  insoluble  in 
water,  was  found  at  Merida,  in  South  America,  and  called  Gay 
Lussite  (CaO,  CO2,  NaO,  C02,-f  6  aq).  Barytocalcite  (CaO,  COg 
+  BaO,  CO2)  is  a  native  double  carbonate  of  lime  and  baryta, 
which  crystallizes  in  oblique  prisms. 

(542)  Calcareous  Waters. — Carbonate  of  lime  dissolves  in  pure 
water  to  the  extent  of  rather  more  than  2  grains  in  i  gallon,  but  it  is 
freely  taken  up  by  water  charged  with  carbonic  acid,  and  is  deposited 
again  in  anhydrous  crystals  as  the  gas  escapes.  In  this  way  enor- 
mous masses  of  crystallized  carbonate  of  lime  are  formed.  In  the 
limestone  hills  of  Derbyshire,  and  in  various  other  localities,  caverns 
occur  in  which  this  phenomenon  is  perpetually  exhibited;  water 
charged  with  carbonic  acid  and  carbonate  of  lime  makes  its  way 
through  the  roof  of  the  cavern,  where  as  the  carbonic  acid  gradually 
escapes,  the  carbonate  of  lime  is  deposited  in  dependent  masses, 
like  icicles,  termed  stalactites ;  whilst  the  water  falling  on  the 
floor  of  the  cavern  before  it  has  parted  with  all  its  excess  of  car- 
bonic acid  and  dissolved  limestone,  deposits  a  fresh  portion  of  the 
crystalline  matter ;  and  thus  a  new  growth,  or  stalagmite,  gradually 
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rises  up  to  meet  the  stalactite  which  depends  from  the  roof:  in 
this  way  a  natural  pillar  of  crystallized  carbonate  of  lime  is  formed. 

It  is  in  a  similar  manner  that  the  calcareous  deposits  from  the 
lakes  of  volcanic  districts  are  produced.  These  deposits,  when 
porous,  have  received  tlie  name  of  tufa ;  when  more  compact  they 
are  termed  travertine.  Travertine  is  formed  abundantly  in  many 
of  the  Italian  lakes  ;  it  was  highly  valued  for  architectural  pur- 
poses by  the  Romans,  as  it  was  a  material  easily  wrought,  and 
possessed  great  durability  and  beauty. 

Many  spring  waters  contain  carbonate  of  lime  held  in  solu- 
tion by  carbonic  acid  :  when  the  water  is  boiled  this  acid  is  expelled, 
and  the  carbonate  is  deposited,  forming  a  lining  more  or  less 
coherent  upon  the  sides  of  the  vessel.  In  steam  boilers  this  becomes 
a  serious  evil  :  it  is  effectually  prevented  by  the  addition  of  a  small 
quantity  of  sal  ammoniac  to  the  water ;  carbonate  of  ammonia  is 
formed,  and  volatilizes,  while  chloride  of  calcium  remains  dissolved. 

Dr.  T.  Clark  has  introduced  a  plan  for  softening  such  cal- 
careous waters,  by  removing  the  carbonic  acid  from  them,  and 
causing  the  precipitation  of  the  carbonate  of  lime  by  thus  depriving 
it  of  its  solvent.  This  method  consists  essentially  in  the  addition 
of  milk  of  lime  to  such  waters,  until  the  water  gives  a  very 
faint  brown  tinge  on  testing  it  with  a  solution  of  nitrate  of 
silver ;  this  reaction  indicates  that  a  slight  excess  of  lime  has  been 
added,  which  occasions  a  precipitate  of  brown  hydrated  oxide  of 
silver.  In  this  operation  the  lime  combines  with  the  excess  of 
carbonic  acid  in  the  water;  the  carbonate  of  lime  thus  formed, 
being  insoluble,  precipitates  along  with  the  portion  of  carbonate  of 
lime  previously  held  in  solution  by  the  carbonic  acid.  After  the 
lapse  of  twenty -four  hours  the  water  becomes  perfectly  bright  and 
clear.  If  colouring  or  organic  matters  be  present  in  the  water,  a 
considerable  portion  of  both  go  down  with  the  chalk.  In  applying 
this  process  upon  a  large  scale,  it  is  found  advantageous  to  add  a 
slight  excess  of  lime  in  the  first  instance,  and  afterwards  to  destroy 
this  excess  by  a  fresh  addition  of  unlimed  water.  The  carbonate 
of  lime  then  separates  in  granular  crystals,  which  speedily  subside. 
These  crystals  are  formed  much  more  slowly  if  the  lime  be  not 
first  in  slight  excess. 

(543)  Building  Materials. — Carbonate  of  lime  forms  the  basis 
of  some  of  the  materials  most  highly  prized  for  building  purposes, 
besides  furnishing  the  costly  varieties  of  marble  used  for  interiors. 
The  oolites,  such  as  those  from  the  Isle  of  Portland  and  the  neigh- 
bourhood of  Bath,  resist  the  weather  admirably;  they  admit   of 


804  BUILDING    MATERIALS PHOSPHATES    OF    LIME. 

being  readily  fitted  and  cut,  and  yet  possess  considerable  hardness. 
Many  shelly  limestones  are  also  well  adapted  for  these  purposes. 
Where  elaborate  carving  is  required,  a  well  crystallized  magnesian 
limestone  (or  double  carbonate  of  lime  and  magnesia),  such  as  that 
employed  in  the  new  Houses  of  Parliament,  is  preferred ;  it  is  very 
close  and  compact,  sufficiently  soft  to  be  easily  sculptured,  but  retains 
a  sharp  outline.  Many  fine-grained,  porous  calcareous  and  mag- 
nesian stones  have  the  inconvenience  of  splitting  into  flakes  after  a 
few  years^  exposure;  this  generally  occurs  from  the  absorption  of 
water,  and  its  expansion  when  the  moisture  thus  absorbed  becomes 
frozen  during  winter.  A  simple  and  ingenious  mode  of  ascertaining 
whether  a  building  stone  is  liable  to  this  defect  was  invented  by 
Brard : — it  consists  in  taking  a  smoothly  cut  block  of  the  stone, 
one  or  two  inches  in  the  side,  and  placing  it  in  a  cold  saturated 
solution  of  sulphate  of  soda.  The  temperature  of  the  solution  is 
gradually  raised  to  the  boiling  point,  and  then  the  stone  is  left  to 
cool  in  the  liquid.  When  cold,  it  is  suspended  over  a  dish,  and 
plunged  for  a  few  moments  in  a  cold  saturated  solution  of  the 
sulphate  of  soda  every  day  for  a  week  or  a  fortnight,  and  is  then 
again  freely  suspended  in  the  air.  The  sulphate  of  soda  crystallizes 
in  the  pores  of  the  stone,  and  splits  off  fragments  of  it.  A  similar 
experiment  is  made  upon  a  stone  which  is  known  to  be  free  from  this 
defect.  By  the  comparative  weight  of  these  fragments  in  the  two  cases 
the  tendency  of  the  stone  to  the  defect  in  question  may  be  estimated. 

A  valuable  report  upon  the  composition  and  quality  of  various 
kinds  of  building  stones  was  made  to  the  Government  in  1839, 
upon  the  occasion  of  the  rebuilding  of  the  Houses  of  Parliament. 

The  other  varieties  of  building  stones  are  mostly  siliceous.  To 
this  class  belong  all  the  sandstones,  which  consist  chiefly  of  grains 
of  silica  united  by  a  cement  more  or  less  ferruginous.  The  dura- 
bility of  the  stone  depends  mainly  upon  the  character  of  this 
uniting  material.  Many  igneous  rocks,  such  as  porphyry,  basalt, 
and  more  especially  granite,  are  also  used  for  building  purposes  ; 
but  from  their  hardness,  they  are  seldom  wrought,  except  when,  as  in 
quays,  bridges,  or  causeways,  the  constant  wear  is  unusually  great,  and 
where  softer  though  less  expensive  materials  would  soon  be  destroyed. 

(544)  Phosphates  of  Lime. — The  most  remarkable  of  the  phos- 
phates of  lime  is  that  known  as  the  bone  phosphate  (3  CaO,  PO5), 
from  its  forming  the  principal  earthy  constituent  of  the  animal 
skeleton.  It  is  easily  procured  by  adding  chloride  of  calcium,  drop 
by  drop,  to  a  solution  of  phosphate  of  soda  in  excess,  when  it  falls 
as  a  gelatinous  precipitate.  It  may  also  be  obtained  from  calcined 
bones    by    digesting   them  in  nitric   acid,    and    precipitating  the 


CHARACTERS    OF    THE    SALTS    OF    LIME.  805 

filtered  solution  by  caustic  ammonia.  This  phosphate  is  insoluble 
in  water,  but  is  readily  dissolved  by  acetic,  and  the  stronger 
acids.  It  occurs  native  as  a  white  amorphous  mineral,  known 
under  the  name  o^ phosphorite. 

A  tribasic  phosphate  of  lime  occurs  naturally  crystallized  in 
hexagonal  prisms,  which,  when  colourless,  are  called  apatite ;  when 
of  a  green  colour  it  is  termed  moroxite ;  in  these  minerals  the 
phosphate  is  associated  with  variable  quantities  of  fluoride  of  calcium. 
When  rhombic  phosphate  of  soda  is  added  drt)p  by  drop  to  an  excess 
of  chloride  of  calcium,  a  semi-crystalline  precipitate  falls,  which 
according  to  Berzelius,  consists  of  (2  CaO,  HO,  PO5,  3  aq). 
Several  other  phosphates  of  lime  may  be  formed,  corresponding  in 
composition  to  the  various  phosphates  of  soda. 

(545)  Characters  of  the  Salts  of  Lime — The  salts  of  lime 
are  colourless.  They  give  no  precipitate  with  ammonia,  but  yield  a 
white  precipitate  of  carbonate  of  lime,  with  the  alkaline  carbonates. 
Solution  of  sulphate  of  lime  produces  no  precipitate  ;  the  lime  salts 
are  thus  distinguished  from  those  of  baryta  and  strontia  :  they  yield 
no  precipitate  with  hydrosulphate  of  ammonia.  Oxalate  of  ammonia, 
even  in  very  dilute  solutions  of  lime,  throws  down  a  white  oxalate 
of  lime,  which  dissolves  in  nitric  and  hydrochloric  acids. 

In  the  determination  of  lime  for  analytical  purposes  the  oxalate 
is  the  precipitate  usually  employed;  but  before  weighing,  it  is  heated 
to  dull  redness,  so  as  to  convert  the  oxalate  into  carbonate  of  lime  : 
100  parts  of  carbonate  of  lime  contain  44  parts  of  carbonic  acid 
and  56  of  lime.  If  no  other  base  be  present,  lime  may  also  be 
estimated  in  the  form  of  sulphate.  If  the  lime  be  not  already  in 
the  state  of  sulphate,  the  salt  is  heated  with  an  excess  of  sulphuric 
acid,  and  ignited ;  when  cold,  it  is  weighed  :  100  grains  of  sulphate 
of  lime  contain  41*17  of  lime. 

§  IV.  Magnesium. 
Symbol,  Mg;  Equivalent,  12;  Specific  Gravity,  17. 

(546)  Magnesium  is  usually  classed  with  those  metals  the 
oxides  of  which  furnish  the  alkaline  earths,  but  it  is  much  more 
analogous  to  zinc  in  its  properties  than  to  any  other  element. 
Magnesium  is  an  abundant  ingredient  of  the  crust  of  the  earth. 
It  is  found  in  large  quantities  as  a  -double  carbonate  with  lime, 
forming  magnesian  limestone,  or  dolomite.  It  is  contained 
abundantly   in   sea   water  as   chloride,   and  in  many   springs   as 
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sulphate.  It  likewise  enters  more  or  less  extensively  into  the 
formation  of  many  rocks_,  and  of  a  great  variety  of  minerals. 
Bussy  obtained  it  in  the  metallic  form  by  heating  its  anhydrous 
chloride  with  potassium  in  a  porcelain  or  platinum  crucible. 
When  cold,  the  contents  of  the  vessel  were  digested  in  cold  water, 
by  which  the  chloride  of  potassium  and  undecomposed  chloride 
of  magnesium  were  dissolved  out.  The  metal  was  left  as  a  grey 
powder,  which  could  be  melted  into  globules. 

Bunsen  (Liebig's  *Annalen,  Ixxxii.  137)  prepares  magnesium 
by  the  electrolytic  decomposition  of  the  chloride  of  magnesium, 
which  he  melts  in  a  deep  covered  porcelain  crucible,  divided  by  a 
vertical  diaphragm  of  porcelain,  which  extends  half  way  down  the 
crucible;  the  electrodes  are  made  of  carbon,  and  are  introduced 
through  two  openings  in  the  lid,  the  negative  electrode  being 
notched  to  receive  the  reduced  magnesium  which  lodges  in  the 
cavities  :  the  crucible  is  brought  to  a  red  heat,  and  is  filled  with 
the  melted  chloride,  which  then  is  readily  decomposed  by  10  cells 
of  the  zinc-carbon  battery  (233).  The  principal  difficulty  in  this 
operation  arises  from  the  small  density  of  the  reduced  metal, 
which  rises  to  the  surface  of  the  fused  salt,  and  is  liable  to 
reoxidation. 

Magnesium  is  a  malleable  metal  of  the  colour  of  silver,  and  a 
density  of  1*7.  Its  fracture  appears  sometimes  crystalline,  at 
other  times  fibrous.  It  has  about  the  same  degree  of  hardness  as 
calc  spar.  At  a  moderate  red  heat  it  may  be  melted.  At  ordi- 
nary temperatures,  it  undergoes  no  change  in  dry  air,  but  in  a  moist 
atmosphere  it  becomes  slowly  oxidized.  When  ignited  in  dry  air, 
or  in  oxygen  gas,  it  takes  fire  and  becomes  oxidized,  emitting  a 
light  of  dazzling  brilliancy;  the  magnesia  which  is  produced 
exhibits  no  signs  of  fusion.  Magnesium  is  but  slowly  acted  upon 
by  cold  water,  but  it  is  rapidly  dissolved  if  the  water  be  slightly 
acidulated.  When  thrown  into  strong  hydrochloric  acid  it  bursts 
into  flame;  yet  a  mixture  of  concentrated  sulphuric  and  fuming  nitric 
acid  has  no  action  upon  it  in  the  cold.  When  heated  in  chlorine  and 
in  the  vapour  of  bromine,  of  iodine,  or  of  sulphur,  it  burns  brilliantly. 
(547)  Magnesia,  (MgO)  ;*  Eq.  20;  Sp.  Gr.  y6. — The  only  known 
oxide  of  magnesium  is  a  bulky,  white,  tasteless,  infusible,  and  nearly 
insoluble  poAvder  which  when  placed  upon  moistened  turmeric  paper 
turns  it  distinctly  brown.  It  is  usually  procured  by  strongly  igniting 
the  artificial  carbonate  in  a  crucible,  but  it  may  also  be  obtained 
by  ignition  of  the  nitrate  of  magnesia ;  in  this  case  it  assumes  a 
much  denser  form.      Magnesia,  when  mixed  with  water,  gradually 
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combines  with  it,  and  forms  a  hydrate  (HO,  MgO),  which  slowly 
absorbs  carbonic  acid  from  the  air :  no  sensible  elevation  of  tem- 
perature occurs  during  the  process  of  hydration.  A  native  hydrate 
of  similar  composition  occurs  in  crystalline  scales. 

Sulphide  of  Magnesium  (MgS),  Eq.  28. — This  compound  is  but 
sparingly  soluble  in  water.  It  may  be  obtained  by  precipitat- 
ing a  boiling  solution  of  sulphate  of  magnesia  by  sulphide  of 
potassium,  when  it  falls  as  a  white  mucilaginous  mass. 

(548)  Chloride  of  Magnesium  (MgCl,  Eq.  48,  Sp.  Gr.  2-177) 
is  obtained  by  dissolving  i  part  of  magnesia  in  hydrochloric  acid, 
and  adding  3  parts  of  sal  ammoniac  in  solution,  the  mixture  is  , 
evaporated  to  dryness  ;  by  this  means  a  double  chloride  of  mag- 
nesium and  ammonium  is  formed  (NH4CI,  2  MgCl),  which  may 
be  evaporated  without  loss  of  acid,  whilst  the  solution  of  mere 
chloride  of  magnesium  is  partially  decomposed  during  evaporation. 
When  the  double  salt  is  ignited  in  a  covered  crucible,  the  sal  am- 
moniac is  expelled,  and  pure  chloride  of  magnesium  remains.  At 
a  red  heat  it  fuses  to  a  transparent  liquid,  which  forms  a  silky 
looking  mass  of  confused  crystals  on  cooling.  Chloride  of  magne- 
sium is  deliquescent,  and  gives  out  heat  whilst  dissolving  in  water  ; 
by  evaporation  at  a  low  temperature  it  may  be  obtained  in 
crystalline  needles  which  contain  6  equivalents  of  water.  It  is 
soluble  in  alcohol :  it  forms  double  chlorides  with  the  chlorides 
of  the  alkaline  metals. 

(549)  Sulphate  of  Magnesia,  (MgO,  SO3,  HO,  6  aq) ;  Eq.  60 
+  6^;  Sp.  Gr.  anhydrous,  2706,  cryst.  i'66o. — This  is  the  most 
important  salt  of  magnesia.  It  is  made  in  very  large  quantities 
from  sea  water,  either  by  precipitating  the  magnesia  by  means  of 
lime,  and  then  dissolving  it  in  sulphuric  acid,  or  by  first  crystallizing 
out  the  greater  part  of  the  common  salt,  and  treating  the  mother 
liquor  with  sulphuric  acid  ;  by  evaporation,  crystals  of  the  sulphate 
are  obtained.  The  sulphate  is  also  procured  in  considerable 
quantities  from  magnesian  limestone  :  the  rock  is  burnt,  slaked,  and 
largely  washed  with  water  to  remove  part  of  the  lime ;  it  is  then 
treated  with  sulphuric  acid,  and  the  sulphate  of  magnesia  is  separated 
from  the  sparingly  soluble  sulphate  of  lime  by  solution  and  recrys- 
tallization.  Sulphate  of  magnesia  is  a  common  ingredient  in 
mineral  waters.  Its  trivial  name  of  Epsom  salts  is  derived  from 
the  circumstance  of  its  being  largely  contained  in  many  springs  in 
the  neighbourhood  of  Epsom,  from  the  waters  of  which  it  was 
at  one  time  obtained. 

Sulphate  of  magnesia  dissolves  in  3  times  its  weight  of  water 
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at  60°,  and  i-l  at  2  [2°.  Its  solution  has  a  bitter  disgusting  taste. 
It  crystallizes  readily  in  right  rhombic  prisms,  which  are  slightly 
efflorescent :  when  heated  moderately,  they  lose  their  water  of  crys- 
tallization; if  the  heat  be  intense  and  long  continued,  a  part  of  the 
acid  also  escapes.  Crystallized  sulphate  of  magnesia  loses  6  equi- 
valents of  its  water  at  a  temperature  below  300°,  but  it  retains  i 
equivalent  even  at  400°.  This  last  equivalent  may  be  displaced  by 
an  equivalent  of  an  anhydrous  salt,  such  as  sulphate  of  potash,  with 
which  it  forms  a  double  salt,  possessed  of  the  same  crystalline 
form  as  sulphate  of  magnesia  (MgO,  SO5  +  KO,  SO3  +  6  aq)  of 
sp.  gr.  2-075. 

Nitrate  of  Magnesia  (MgO,  NO5  +  6  aq.  Eg.  74  +  54)  Sp, 
Gr.  1*464),  is  deliquescent,  and  crystallizes  with  difficulty. 

(550)  Carbonate  of  Magnesia  (MgO,  CO2,  Eq.  42)  occurs 
native  as  a  white  hard  mineral,  called  magnesite.  It  is  procured 
by  precipitating  a  boiling  solution  of  a  salt  of  magnesia  by  carbo- 
nate of  potash,  and  dissolving  the  precipitate  in  carbonic  acid 
water ;  as  the  gas  escapes,  the  salt  is  deposited  as  a  terhydrate, 
in  transparent  hexagonal  prisms  (MgO,  CO2,  3  aq)  ;  by  exposure 
to  air  these  crystals  effloresce  and  are  converted  into  a  protohy- 
drate  (MgO,  CO2,  HO). 

The  common  white  magnesia  of  the  shops  is  made  by  pre- 
cipitating a  boiling  solution  of  sulphate  of  magnesia  by  a  hot 
solution  of  carbonate  of  soda.  The  sulphate  of  magnesia  is 
allowed  to  remain  slightly  in  excess,  otherwise  the  precipitate 
retains  a  little  carbonate  of  soda.  It  is  deposited  as  a  white,  light, 
bulky  powder,  which  is  composed  of  hydrate  of  magnesia  (HO, 
MgO)  combined  with  a  quantity  of  hydrated  carbonate  (MgO, 
CO2,  aq)  which  may  vary  from  2  to  4  equivalents ;  it  is  very 
sparingly  soluble  in  water. 

Dolomite,  when  its  structure  is  crystalline,  usually  consists  of 
carbonate  of  magnesia  and  carbonate  of  lime  in  the  proportion  of 
I  equivalent  of  each  (MgO,  CO2  +  CaO,  CO2),  though  sometimes 
the  carbonate  of  lime  considerably  exceeds  i  equivalent. 

Mr.  Pattinson  has  introduced  a  process  by  which  a  very 
pure  carbonate  of  magnesia  is  manufactured  from  dolomite. 
In  this  operation  the  mineral  is  finely  ground  and  sifted,  and 
exposed  to  a  red  heat  for  2  or  3  hours,  by  which  the  carbonate  of 
magnesia  is  decomposed.  It  is  then  introduced  into  a  strong  iron 
cylinder,  lined  with  lead,  where  it  is  mixed  with  water,  and  car- 
bonic acid  gas  is  forced  in  under  a  pressure  of  5  atmospheres  till  it 
ceases  to   be  absorbed;    the   carbonate  of   magnesia  dissolves  as 
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bicarbonate,  leaving  the  carbonate  of  lime :  the  clear  liquid, 
when  boiled,  deposits  the  carbonate  of  magnesia,  which  is  drained 
and  dried  in  a  stove  at  a  low  temperature. 

By  mixing  a  solution  of  nitrate  of  magnesia  with  an  excess  of 
a  saturated  solution  of  bicarbonate  of  potash,  and  allowing  the 
solution  to  stand  some  days,  a  remarkable  double  salt  is  deposited 
in  regular  crystals,  composed  of  2  (MgO,  COg)  +  (KO,  HO,  a  CO2) 
+  8  aq,  but  which  is  decomposed  by  re-dissolving  it  in  water.  The 
corresponding  salt  of  soda  is  more  stable. 

A  native  Borate  of  Magnesia,  2  (MgO,  BO3)  +  (MgO,  2  BO3), 
named  boracite,  is  found  crystallized  in  cubes ;  it  is  rendered 
electric  by  heat. 

(55 1)  Silicates  of  Magnesia. — Silica  and  magnesia  may  be  artifi- 
cially combined  in  many  proportions.  A  large  number  of  minerals 
are  formed,  either  wholly  or  partially,  of  the  silicates  of  magnesia. 
Olivine  J  or  chrysolite  y  2  (MgFe)O,  SiOg,  is  a  crystallized  mineral, 
usually  of  a  green  colour,  obtained  from  basaltic  and  volcanic  rocks ; 
it  frequently  accompanies  masses  of  meteoric  iron.  Talc  is  a  very  soft 
slaty  mineral,  which  has  a  formula  2  MgO,  SiOa,  +  2  MgO,  3  SiOg. 
Steatite,  or  soapstone,  is  MgO,  SiOg  +  2  MgO,  3  SiOg.  Picrosmine 
is  the  neutral  hydrate  2  (MgO,  Si02)  aq.  Meerschaum  is  another 
hydrated  silicate,  of  which  the  formula  is  2  MgO,  3  Si02  +  4  aq. 
Serpentine,  2[(Mgre)0,Si02]  +MgO,  2  aq,  is  another  hydrated  sili- 
cate of  magnesia,  in  which  a  portion  of  the  magnesia  is  often  dis- 
placed by  protoxide  of  iron.  Serpentine  frequently  occurs  in  compact 
masses,  which  take  a  high  polish,  and  from  the  beauty  of  its  varie- 
gated colours,  it  is  often  employed  for  ornamental  purposes.  It  is 
readily  attacked  by  acids,  and  occurs  in  sufficient  abundance  to  be 
employed  as  a  source  of  the  salts  of  magnesia. 

The  double  silicates  of  magnesia  are  still  more  numerous. 
Augite  or  pyroxene  is  one  of  these ;  it  is  a  crystalline  mineral, 
often  found  in  basalt  and  lava,  and  is  a  silicate  of  lime  and  mag- 
nesia, portions  of  which  are  often  displaced  by  protoxides  of  iron 
and  manganese  (CaMgFeMn)  O,  SiOg.  Hornblende  or  Amphibole 
is  a  silicate  and  aluminate  of  magnesia,  lime,  and  protoxide  of 
iron,  with  a  variable  proportion  of  the  fluorides  of  calcium  and 
potassium,  3  [(MgCaFe)  O,  Si02]+2  (MgCaFeMn)  O,  3  SiOg  + 
X  (KCa)  Fl.  It  occurs  sometimes  in  dark  green  or  black  crystals, 
at  other  times  massive,  disseminated  through  many  rocks,  such  as 
syenite  and  porphyry,  and  frequently  in  basalt  and  lava.  Asbestos  and 
Amianthus  commonly  consist  of  a  fibrous  variety  of  amphibole. 
(552)   Triphosphate  of  Magnesia  and  Water  (HO,  2  MgO  +  PO5 
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+  14  aq)  is  an  efflorescent,  sparingly  soluble  salt,  wliich  crystallizes 
in  fine  acicular  tufts  when  a  solution  of  a  magnesian  salt  is  mixed 
with  the  solution  of  the  common  phosphate  of  soda. 

Triphosphate  of  magnesia  and  ammonia,  (2  MgO,  NH4O,  PO5, 
12  aq;  eq.  138  +  108,)  or  triple  phosphate,  as  it  was  formerly  called, 
is  a  more  important  compound  than  the  foregoing.  It  is  prepared 
by  mixing  phosphate  of  soda,  mingled  with  chloride  of  ammonium, 
with  a  salt  of  magnesia  ;  by  agitation  this  compound  is  deposited  in 
minute  crystalline  grains ;  it  furnishes  a  most  delicate  test  of  the 
presence  of  magnesia ;  it  is  insoluble  in  water  containing  free  am- 
monia or  muriate  of  ammonia,  but  it  is  taken  up  in  appreciable 
quantities  by  pure  water.  It  is  frequently  met  with  as  a  constituent 
of  urinary  calculi,  both  in  man  and  in  the  lower  animals. 

Phosphate  of  magnesia  and  ammonia  is  readily  soluble  in 
acids ;  ammonia  precipitates  it  from  such  solutions  unchanged ; 
when  ignited  it  parts  with  its  water  and  ammonia,  and  glows  like 
alumina  and  zirconia  when  ignited.  This  ignited  residue  contains 
35' 7  V^^  cent,  of  magnesia,  and  64*3  of  phosphoric  acid.  It  is 
frequently  employed  for  the  determination  of  the  amount  of 
magnesia. 

(553)  Characters  of  the  Salts  of  Magnesia. — The  salts  of 
magnesia  are  colourless,  and  have  a  bitter  taste.  Many  of  the  mag- 
nesian minerals  possess  a  silky  lustre,  and  feel  unctuous  to  the 
touch.  They  may  be  recognised  before  the  blowpipe,  by  assuming 
a  pink  tinge  when  heated  with  nitrate  of  cobalt. 

In  solution,  they  give  no  precipitate  with  the  alkaline  bicar- 
bonates  till  boiled ;  but  a  white  basic  carbonate  of  magnesia  when 
mixed  with  a  neutral  carbonate  of  potash  or  soda,  unless  a  salt  of 
ammonia  be  present,  which  interferes  with  the  precipitation. 
Phosphate  of  ammonia  gives  with  them  a  white  crystalline 
granular  precipitate  of  double  phosphate  of  magnesia  and  am- 
monia, which  is  easily  soluble  in  acids.  Oxalate  of  ammonia, 
mixed  with  sal  ammoniac,  gives  no  precipitate  with  the  magnesian 
salts,  neither  do  the  soluble  sulphates.  The  fixed  alkalies  throw 
down  a  white  gelatinous  hydrate  of  the  earth,  which  is  insoludle 
in  excess  of  the  precipitant.  Lime  loater  produces  a  similar  pre- 
cipitate. Ammonia  produces  but  a  very  incomplete  precipitation 
of  magnesia  from  its  solutions ;  the  gelatinous  precipitate  which  it 
occasions  redissolves  on  the  addition  of  a  solution  of  hydrochlorate 
of  ammonia,  and  a  double  salt  of  magnesia  and  ammonia  is  formed. 

{554)  Characters  of  the  Metals  of  the  First  Group  (the 
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alkalies). — The  salts  of  these  metals  when  in  solution   are   distin- 
guished by  the  following  characters. 

1.  By  the  absence  of  any  precipitate  on  the  addition  of  a  solution 
of  carbonate  of  potash,  or  of  soda  :  in  the  case  of  lithia,  if  the  salt 
exceed  two  per  cent,  of  the  solution,  a  precipitate  of  carbonate  of 
lithia  is  liable  to  occur. 

2.  By  the  absence  of  any  precipitate  when  sulphuretted 
hydrogen  or  hydrosulphate  of  ammonia  is  added  to  the  solution. 

3.  By  the  occurrence  of  a  precipitate  with  bichloride  of  pla- 
tinum in  the  case  of  salts  of  ammonium  or  of  potassium ;  and  by 
the  formation  of  prismatic  crystals  of  the  double  chloride  of  sodium 
and  platinum  when  evaporated  in  the  presence  of  salts  of  soda. 

(555)  Estimation  of  Potash  and  Soda.  —  If  the  relative  pro- 
portions of  the  potash  and  soda  be  not  required,  their  com- 
bined weight  is  usually  ascertained  in  the  form  of  sulphates. 
They  may  in  most  cases  be  readily  obtained  in  this  condition 
by  treating  the  solution  with  sulphuricf  acid,  evaporating  to 
dryness,  and  fusing  the  mass  in  a  platinum  crucible  in  which  a 
fragment  of  carbonate  of  ammonia  is  suspended.  The  excess  of 
sulphuric  acid  is  thus  readily  dissipated,  and  the  amount  of  the 
acid  combined  with  the  potash  and  soda  is  determined  by  precipi- 
tation with  chloride  of  barium.  When  ammonia  is  present  with 
salts  of  potash  and  soda,  its  amount  may  be  determined  by  distil- 
ling off  the  ammonia  in  the  manner  already  described  (522). 

In  order  to  determine  the  quantity  of  potash  and  soda  in  a 
mixture  of  the  salts  of  the  two  bases,  they  should  be  converted  into 
the  state  of  chlorides,  and  heated  to  low  redness  to  expel  moisture 
and  all  ammoniacal  salts,  allowed  to  cool,  and  weighed;  a  certain  pro- 
portion of  these  mixed  chlorides  (ten  or  twelve  grains  will  suffice)  is 
then  mixed  with  an  excess  of  the  bichloride  of  platinum,  evaporated 
to  dryness  over  a  steam  bath,  and  the  excess  of  bichloride  of  platinum 
and  chloride  of  sodium  removed  by  washing  with  alcohol  of  specific 
gravity  860.  The  crystalline  residue  is  collected  on  a  filter  and 
weighed.  One  hundred  parts  contain  30'53  of  chloride  of  potas- 
sium. The  quantity  of  chloride  of  sodium  is  obtained  by  deduct- 
ing the  weight  of  the  cldoride  of  potassium  from  that  of  the  mixed 
chlorides  employed. 

(556)  The  conversion  of  the  alkaline  bases  into  the  condition 
of  chlorides,  previous  to  precipitation  by  the  bichloride  of  platinum, 
if  they  are  not  already  in  that  form,  is  rather  troublesome.  They 
may  be  first  converted  into  sulphates  by  evaporating  the  solution 
with  a  slight   excess   of  sulphuric   acid  and  igniting  the  residue ; 
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the  sulphates  thus  obtained  are  to  be  dissolved  in  water  and  mixed 
with  solution  of  chloride  of  barium  in  slight  excess.  The  sul- 
phuric acid  is  thus  precipitated  as  sulphate  of  baryta,  and  the 
alkalies  are  converted  into  chlorides;  but  the  excess  of  baryta  in 
the  liquid  must  still  be  got  rid  of.  A  mixture  of  caustic  ammonia 
and  of  the  sesquicarbonate  of  ammonia  is  therefore  added  to  the 
solution  after  it  has  been  filtered  from  the  sulphate  of  baryta. 
The  excess  of  baryta  is  thus  thrown  down  as  carbonate_,  and  the 
carbonate  of  baryta  may  then  be  removed  by  filtration.  Once 
more  the  solution  is  evaporated  to  dryness  in  a  platinum  dish_,  and 
the  residue  gently  ignited  to  expel  the  ammoniacal  salts.  The 
remaining  mass  now  contains  nothing  but  the  mixed  chlorides  of 
sodium  and  potassium. 

(557)  Characters  of  the  Metals  of  the  Second  Group 
(the  Alkaline  Earths). — 

1.  The  salts  of  these  metals  when  in  solution  give  a  white 
precipitate  on  the  addition  of  solution  of  carbonate  of  soda  or  of 
potash. 

2.  They  yield  no  precipitate  with  hydrosulphate  of  ammonia 
or  with  sulphuretted  hydrogen. 

3.  Lime  water  occasions  no  precipitate  except  in  cases  in 
which  the  magnesian  salts  are  present_,  or  in  Avhich  the  solution  con- 
tains free  carbonic  acid. 

(558)  Separation  of  the  Alkaline  Earths  from  the  Alkalies. — 
Supposing  a  solution  to  contain  salts  of  the  alkalies  and  of  the 
alkaline  earths,  the  quantities  of  each  base  may  be  determined  in 
the  following  manner : — an  excess  of  a  mixture  of  ammonia  and 
sesquicarbonate  of  ammonia  is  added  to  the  solution,  and  the 
liquid  is  evaporated  to  dryness ;  the  ammonia  thus  combines  with 
the  acid  previously  in  miion  with  the  earths,  whilst  the  carbonic 
acid  converts  the  earths  into  carbonates.  The  dry  residue  is 
then  washed  with  water,  which  dissolves  out  the  alkaline  salts, 
and  from  this  liquid  the  proportions  of  potash  and  soda  can  be 
ascertained  in  the  manner  already  described  {^S5)'  -^  little 
magnesia  is  apt  to  accompany  the  alkaline  salts :  its  presence 
may  be  detected  and  its  quantity  determined  by  the  addition  of 
lime  water  to  the  solution;  hydrate  of  magnesia  is  precipitated, 
and  may  be  collected,  weighed,  and  added  to  the  amount  obtained 
from  the  portion  which  was  insoluble  in  water.  The  precipi- 
tation must  be  efi*ected  in  a  stoppered  bottle,  to  exclude  the  car- 
bonic acid  of  the  atmosphere,  which  would  precipitate  a  portion 
of  lime  with  the  magnesia.     The  excess  of  lime  may  be  got  rid  of 
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by  the  addition  of  oxalic  acid,  which  occasions  a  precipitate  of 
oxalate  of  lime  that  can  be  separated  on  a  filter,  but  need  not  be 
weighed.  The  earthy  carbonates  must  now  be  dealt  with  in  the 
following  manner : — 

(559)  Separation  of  Baryta,  Strordia,  Lime,  and  Magnesia 
from  each  other. — The  alkalies  having  been  separated  in  the 
manner  just  described,  the  carbonates  of  the  earths  which  in  the 
preceding  operation  did  not  dissolve  in  water  are  taken  up  with 
dilute  nitric  acid,  and  the  liquid  is  largely  diluted.  Sulphuric  acid 
is  then  added  as  long  as  it  occasions  a  precipitate. 

If  the  liquid  originally  contained  no  alkaline  salts  it  will  not  be 
necessary  to  convert  the  earths  into  carbonates,  but  the  solution 
may  be  simply  diluted,  acidulated  with  nitric  acid,  and  mixed  with 
sulphuric  acid,  as  before. 

This  precipitate  may  consist  of  the  sulphates  of  baryta  and  of 
strontia.  It  must  be  collected,  washed  with  boiling  water  and 
weighed,  then  fused  with  thrice  its  weight  of  carbonate  of  soda, 
by  which  it  will  be  decomposed;  double  decomposition  occurs, 
carbonates  of  baryta  and  strontia,  and  sulphate  of  soda  being  formed. 
The  carbonates  of  baryta  and  strontia,  being  insoluble,  are  sepa- 
rated from  the  soluble  sulphate  of  soda  by  washing,  and  the  car- 
bonates of  the  two  earths  are  converted  into  chlorides  by  the  action 
of  dilute  hydrochloric  acid.  The  chlorides  of  barium  and  stron- 
tium are  evaporated  to  dryness,  weighed,  and  may  then  be  separated 
wdth  tolerable  exactness  by  the  action  of  alcohol,  which  dissolves 
the  chloride  of  strontium,  but  leaves  that  of  barium  untouched. 

The  acid  liquid  from  which  the  baryta  and  strontia  have  been 
separated  is  rendered  slightly  alkaline  by  ammonia,  and  the  lime 
precipitated  as  oxalate,  by  means  of  oxalate  of  ammonia :  this  pre- 
cipitate, after  being  well  washed,  is  heated  to  duU  redness,  and 
is  estimated  as  carbonate  of  lime. 

The  filtrate,  which  may  still  contain  magnesia,  is  mixed  with 
phosphate  of  soda,  briskly  stirred,  and  allowed  to  stand  for  twelve 
hours,  to  give  time  for  the  granular  crystalhne  phosphate  of  mag- 
nesia and  ammonia  to  subside  :  it  is  collected  on  a  filter,  washed 
with  water  which  contains  free  ammonia,  and  estimated  after 
ignition  as  pyrophosphate  of  magnesia. 

{560)  It  will  generally  be  found  more  convenient  in  separating 
the  alkaline  earths  from  the  alkalies,  in  the  first  place  to  precipi- 
tate the  baryta  and  strontia  by  sulphuric  acid  from  the  dilute 
acidulated  solution ;  then  to  neutralize  by  ammonia,  and  separate 
the  lime  by  the  addition  of  oxalate  of  ammonia ;  to  evaporate  the 
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solution  containing  magnesia  and  the  alkalies  to  dryness ;  then  to 
redissolve  the  residue  in  water^  and  separate  the  whole  of  the  mag- 
nesia at  once  by  the  addition  of  lime  water  in  a  stoppered  bottle, 
in  the  manner  already  described. 

Certain  precautions  in  manipulation  are  required  in  transferring 
a  solution  to  a  filter,  in  order  to  avoid  loss.  In  pouring  a  liquid  from 
one  vessel  to  another,  a  glass  rod  should  be  moistened  with  distilled 
water  and  brought  against  the  edge  of  the  vessel  from  which  the 
liquid  is  to  be  poured,  as  shown  in  fig.  298.  By  this  means,  when 
the  pouring  is  ended,  if  the  rod  be  still  kept  in  contact  with  the  edge, 

the  last  drop   is  prevented  from 


Fig.  298. 


running  down  the  outside  of  the 


Fig.  299. 


jar  or  basin  :  the  rod  may  then  be 
placed  in  the  vessel  until  a  similar 
operation  is  again  required.   After 
the  whole  of  the  liquid  has  been 
poured    off^,    the    portion    which 
adheres   to  the  rod   and  to   the 
sides  of  the  vessel  is  washed  down 
by  a  jet  of  water  from  the  wash- 
ing bottle,  fig.  299,  and  the  wash- 
ings are  added  to  the  rest  of  the 
decanted  liquid. 
(561)  In  washing  precipitates,  the  use  of  a  flask  provided  with 
two  tubes  passing  through  the  cork,  as  repre- 
sented in  fig.  299,  facilitates  the  operation. 
The  tube,  «,  passes  just  through  the  cork ;  the 
longer  tube,  b,  reaches  almost  to  the  bottom 
of  the  flask ;  it  terminates  at  c  in  a  fine  orifice  ; 
on  forcing  air  from  the  lungs  through   the 
tube,  a,  the  water  is  expelled  at  c,  and  may 
be  directed  upon  the  filter. 

It  is  necessary  that  the  filter  should 
fall  completely  within  the  funnel,  and  that 
before  any  of  the  liquid  for  filtration  is 
poured  into  it,  the  paper,  after  it  has  been 
placed  in  the  funnel,  should  be  moistened 
In  washing  a  precipitate,  the  stream  of  water 
should  be  directed  upon  the  upper  edges  of  the  filter,  so  as  to  wash 
down  the  saline  particles,  which,  by  evaporation  of  the  liquid,  have 
a  tendency  to  accumulate  there  as  the  solution  rises  under  the 
influence  of  capillary  action. 


with  distilled  water. 
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In  cases  wliere  gelatinous  precipitates,  like  oxide  of  iron,  or 
alumina,  are  to  be  washed  continuously  for  a  long  period,  a  simple 
contrivance      by 

Gay  Lussac  will  ^ig.  300. 

be  found  very  use- 
ful; it  is  merely 
a  bottle  of  dis- 
tilled water,  a, 
fig.  300,  which 
by  means  of  a 
syphon,  supplies 
the  water  at  a 
regulated  level 
in  the  funnel,  d ; 
h  represents  a 
tube  open  at 
both  ends,  which 
reaches  nearly 
to  the  bottom  of 
the  bottle,  a  ;  c 
is  a  syphon  with 
limbs  of  equal  ! 
length,        which 

passes  a  little  deeper  into  the  bottle  than  h ;  the  limb  which  dips 
into  the  funnel  has  its  lower  extremity  a  little  recurved,  to  direct 
the  pure  water  upwards.  The  funnel,  d,  is  placed  so  that  the 
level  of  the  filter  shall  be  a  little  above  that  of  the  lower  end 
of  c.  Under  these  circumstances  the  filter  can  never  overflow. 
As  soon  as  the  surface  of  the  liquid  in  the  funnel  falls  just  below  the 
level  of  the  lower  extremity  of  6,  the  syphon  carries  over  a  small 
quantity  of  water,  and  bubbles  of  air  rise  in  the  bottle,  a,  to  supply 
its  place.  This  process  goes  on  continuously  as  the  water  flows  from 
the  filter  until  a  is  empty.  In  order  to  ascertain  whether  a  pre- 
cipitate has  been  sufficiently  washed,  a  drop  of  the  liquid  which 
passes  through  is  evaporated  on  a  slip  of  glass :  it  ought  to  leave 
no  appreciable  stain  or  residue. 

In  collecting  a  precipitate  from  a  filter,  the  paper  should 
be  dried  thoroughly ;  after  which  the  portion  that  can  be  readily 
detached  from  the  paper  should  be  allowed  to  fall  into  the  platinum 
or  porcelain  capsule  in  which  it  is  intended  to  perform  the  ignition. 
The  capsule  is  to  be  placed  upon  a  smooth  sheet  of  paper,  and  the 
filter  being  held  at  one  corner  with  a  pair  of  forceps,  is  burned  in 
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such  a  way  that  the  ashes  shall  fall  into  the  platinum  capsule : 
any  particles  of  ash  which  may  fall  upon  the  paper  are  carefully 
transferred  to  the  capsule. 

It  must  not  be  forgotten  that  filtering  paper  itself  leaves 
traces  of  ash  when  burnt ;  the  amount  of  which  in  good  specimens 
should  not  exceed  about  3  grains  in  1000.  Before  using  any 
paper  for  the  purposes  of  analysis  the  quantity  of  ash  which  a  given 
weight  of  it  affords  when  burnt  must  be  ascertained.  In  each 
analytical  experiment  the  weight  of  the  filter  employed  being  ap- 
proximatively  known^  it  is  easy  to  estimate  the  amount  of  ash 
which  it  would  yield  (at  most  but  a  few  hundredths  of  a  grain) 
and  to  deduct  this  from  the  gross  weight  of  the  precipitate. 


CHAPTEE  XIII. 

GROUP    III. METALS    OF    THE    EARTHS. 

§  I.  Aluminum. 
Symbol  A\;  Equivalent  i^'6'j ;  Specific  Gravity,  2*5  to  2,-6'j. 

(562)  The  pure  earths  are  white,  insipid,  insoluble  compounds, 
the  oxides  of  metals  which  possess  a  high  affinity  for  oxygen. 
With  the  exception  of  cerium,  and  lantanium,  which,  with  didy- 
mium,  would  probably  be  referred  with  greater  propriety  to  the  next 
group,  a  single  oxide  only  of  each  metal  of  this  class  is  known. 

{5^3)  ^^  these  metals  the  most  abundant  and  important  is 
aluminum,  which  derives  its  name  from  alum,  into  the  composition 
of  which  it  enters.  Indeed,  alumina  (the  oxide  of  aluminum)  con- 
stitutes about  10  per  cent,  of  this  salt. 

The  properties  of  aluminum  were  first  investigated  by  Wohler, 
who  procured  it  by  decomposing  chloride  of  aluminum  in  a  por- 
celain or  platinum  tube  by  means  of  potassium.  He  obtained  it 
first  as  a  steel-grey  powder,  which  is  gradually  oxidized  by  boiling 
water,  and  more  rapidly  by  alkaline  solutions.  When  it  is  heated 
in  tjiis  form  in  oxygen  gas,  it  takes  fire  and  bums  with  a  vivid 
light,  emitting  so  intense  a  heat  as  to  fuse  the  alumina,  which 
forms  a  yellowish  mass,  in  colour  and  hardness  resembling  native 
crystallized  alumina  as  it  exists  in  corundum. 

At  a  subsequent  period  Wohler  obtained   the   metal  in  mal- 
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leable  globules,  resembling  tin  in  appearance,  of  specific  gravity- 
varying  between  2'5  and  l'6']y  fusible  before  the  blowpipe,  and  un- 
changed by  exposure  to  air. 

The  methods  of  preparing  it  have  been  recently  simplified  by 
Bunsen  (Poggend.  Annal.,  xcii.  648)  and  by  Deville  [Ann,  de  Chimie, 
III.  xliii.  5).  Bunsen  obtains  aluminum  by  the  electrolytic  decom- 
position of  the  double  chloride  of  sodium  and  aluminum  (NaCl, 
AI2CI3).  This  salt  melts  at  about  356°  F.,  and  readily  furnishes 
aluminum  by  a  process  similar  to  that  already  described  in  the 
case  of  magnesium  :  but  as  the  aluminum  is  heavier  than  the  fused 
salt,  it  is  more  easily  collected  than  magnesium. 

M.  Deville  prepares  aluminum  in  the  following  manner :  Into 
a  wide  tube  of  hard  glass  an  inch  or  an  inch  and  a  half  in  dia- 
meter, about  half  a  pound  of  dry  chloride  of  aluminum  is  intro- 
duced, and  kept  in  its  place  by  plugs  of  asbestos ;  a  current  of  dry 
hydrogen,  perfectly  free  from  air,  is  transmitted,  and  the  chloride 
of  aluminum  is  very  gently  heated ;  in  this  way  traces  of  hydro- 
chloric acid  and  chlorides  of  sulphur  and  silicon  are  expelled. 

Three  or  four  small  porcelain  trays,  each  containing  40  or  50 
grains  of  sodium,  freed  from  adhering  naphtha  by  pressure  between 
folds  of  blotting  paper,  are  then  introduced  into  the  tube;  the 
current  of  hydrogen  is  still  maintained,  and  heat  is  applied  to  the 
part  of  the  tube  which  contains  the  sodium.  This  end  of  the  tube 
must  be  slightly  elevated,  in  order  to  prevent  the  melted  chloride 
of  aluminum  from  running  down  upon  the  sodium ;  in  which  case 
the  heat  emitted  is  so  intense  as  to  crack  the  tube. 

When  the  sodium  is  melted,  the  chloride  of  aluminum  is  gra- 
dually distilled  over  by  the  application  of  a  reguhv^d  heat,  and  is 
reduced  with  vivid  incandescence.  A  double  chloride  of  aluminum 
and  sodium  forms  in  the  porcelain  trays  around  the  reduced  alumi- 
num. These  trays  and  their  contents  are  withdrawn  when  cold 
from  the  glass  tube  and  placed  in  a  porcelam  tube  through  which 
a  current  of  hydrogen  is  transmitted,  whilst  the  tube  is  raised  to  a 
bright  red  heat ;  the  aluminum  fuses  into  globules  in  the  porcelain 
trays ;  and  by  fusing  it  once  more  in  a  porcelain  crucible  under  a 
layer  of  the  double  chloride  of  aluminum  and  sodium,  a  pure 
button  of  aluminum  is  eventually  obtained. 

(564)  As  prepared  by  Deville's  process,  aluminum  is  a  white 
malleable  metal,  nearly  resembling  silver  in  colour  and  hardness  : 
it  may  be  rolled  into  very  thin  foil  and  admits  of  being  drawn  into 
fine  wire  ;  after  it  has  been  rolled,  it  becomes  much  harder  and  more 
elastic.    It  conducts  electricity  nearly  as  well  as  silver.    Aluminum 
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is  remarkably  sonorous,  and  emits  a  clear,  musical  sound  when 
struck  with  a  hard  body.  Fused  aluminum  crystallizes  readily  as 
it  cools,  apparently  in  regular  octohedra ;  its  point  of  fusion  is 
below  that  of  silver.  It  may  be  heated  intensely  in  a  current  of 
air  in  a  muffle  without  undergoing  more  than  a  superficial  oxida- 
tion, and  it  is  but  slowly  oxidized  when  heated  to  full  redness  in 
an  atmosphere  of  steam. 

Nitric  acid  is  without  action  upon  aluminum  at  the  ordinary 
temperature,  and  dissolves  it  very  slowly  even  when  boiled  upon  the 
metal.  Hydrochloric  acid,  on  the  contrary,  whether  concentrated 
or  dilute,  rapidly  attacks  it,  forming  chloride  of  aluminum,  whilst 
hydrogen  is  disengaged.  Solutions  of  the  alkalies,  especially  when 
aided  by  heat,  also  dissolve  aluminum,  producing  alumina  which 
dissolves  in  the  alkaline  solution,  whilst  hydrogen  gas  is  liberated. 
From  its  lightness  and  inalterability  in  the  air,  aluminum  has  been 
applied  to  the  preparation  of  small  weights,  and  a  balance  beam 
constructed  of  this  metal  was  exhibited  in  the  French  Universal 
Exhibition  for  the  year  1855. 

Aluminum  readily  forms  alloys  with  copper,  silver,  and  iron, 
but  it  may  be  melted  with  lead  without  any  combination  between 
the  two  metals  taking  place.  Its  alloys  with  copper  are  white, 
very  hard,  and  susceptible  of  a  high  polish.  With  carbon  and 
silicon  aluminum  also  combines  readily,  forming  greyish,  granular, 
brittle,  and  crystalline  compoimds,  which  present  a  considerable 
analogy  to  cast  iron.      It  does  not  combine  with  mercury. 

Finely  divided  aluminum  burns  brilliantly  in  the  vapour  of 
sulphur,  and  forms  a  black,  semi -metallic  sulphide  (AI2S3),  which 
is  rapidly  decomposed  by  water,  with  formation  of  hydrate  of 
alumina  and  sulphuretted  hydrogen. 

(5^5)  Oxide  of  Aluminum ;  Alumina,  (AlgOg);  Eq.  51*5  j  Sp. 
Gr.  of  ruby  3*95. — This  is  the  only  known  oxide  of  aluminum; 
from  its  isomorphism  with  the  sesquioxide  of  iron,  and  its  general 
resemblance  to  it  in  properties,  it  is  regarded  as  a  sesquioxide. 
It  forms  one  of  the  materials  that  enter  most  largely  into  the 
composition  of  the  superficial  strata  of  the  earth.  It  is  the  basis 
of  all  the  varieties  of  clay,  and  is  present  in  greater  or  less  quan- 
tity in  almost  every  soil.  It  occurs  nearly  pure  and  crystallized 
in  six-sided  prisms,  in  corundum,  in  which  mineral  it  has  a  specific 
gravity  of  3*95,  and  is  hard  enough  to  cut  glass.  The  sapphire  and 
the  ruby  are  also  composed  of  this  earth,  tinged  with  a  small 
quantity  of  oxide  of  iron.  They  are  only  inferior  to  the  diamond 
in  hardness.      Emery,  which  from  its  hardness   is  so  largely  used 
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in  grinding  and  polishing,  is  another  form  of  alumina_,  coloured  with 
oxides  of  iron  and  manganese. 

To  obtain  alumina,  it  is  sufficient  to  ignite  pure  ammonia 
alum  (NH4O,  SO3  +  AI2O3,  3  SO3  +  24  aq)  intensely  for  some 
time;  the  water,  ammonia,  and  sulphuric  acid  escape,  and  anhy- 
drous alumina  is  left.  It  is,  however,  nearly  impossible  to  expel 
the  last  portions  of  sulphuric  acid,  as  the  salt  swells  up  enormously 
and  forms  a  white,  porous,  infusible  mass,  which  is  an  extremely  bad 
conductor  of  heat.  Alumina  may  also  be  procured  from  alum 
quite  free  from  iron,  which  should  be  dissolved  in  water  and 
precipitated  by  carbonate  of  potash  in  slight  excess  :  the  liquid 
should  be  warmed,  and  the  precipitate  well  washed :  as  traces  of 
potash  always  adhere  to  it  obstinately,  it  must  be  redissolved  in 
hydrochloric  acid,  and  then  thrown  down  by  ammonia  or  carbonate 
of  ammonia  :  it  falls  as  a  w^hite,  semi-transparent,  bulky,  gelatinous 
hydrate,  which  must  be  again  thoroughly  washed.  In  this  form 
alumina  is  completely  soluble  in  potash,  and  is  readily  taken  up 
by  acids.  On  drying  it  contracts  very  much,  and  forms  a  yel- 
lowish, translucent  mass,  like  gum.  Diaspore  is  a  natural 
hydrate  (AI2O3  -f-  aq),  which  decrepitates  strongly  when  heated, 
and  falls  to  powder. 

The  hydrate  of  alumina  when  ignited  loses  its  water,  and  at 
a  certain  temperature  presents  an  appearance  of  sudden  incandes- 
cence ;  it  contracts  greatly  at  the  moment  that  this  effect  is  pro- 
duced, and  is  afterwards  nearly  insoluble  in  acids.  Hydrate  of 
alumina  is  strongly  hygroscopic,  and  adheres  to  the  tongue  when 
applied  to  it. 

Alumina  fuses  before  the  oxyhydrogen  blowpipe,  and  yields  a 
colourless,  transparent  mass,  resembling  corundum.  It  forms  salts 
with  the  more  powerful  acids,  but  these  salts  are  readily  decom- 
posed :  they  all  have  an  acid  reaction ;  and  indeed  alumina  possesses 
properties  which  approach  somewhat  to  those  of  an  acid,  for  it  has 
a  strong  tendency  to  unite  with  basic  oxides.  The  spinelle  rubyy 
for  example,  is  a  native  aluminate  of  magnesia  (MgO,  AI2O3),  and 
gahnite  is  an  aluminate  of  zinc  (ZnO,  AI2O3).  Fremy  has  also 
obtained  a  white  granular  compound  of  alumina  with  potash,  to 
which  he  assigns  the  formula  (KO,  AlgOg).  When  the  solution 
of  alumina  in  potash  is  exposed  to  the  air  it  absorbs  carbonic  acid, 
and  a  terhydrate  of  alumina  is  deposited  in  regular  crystals. 

Alumina  when  combined  with  silica  forms  clay,  which  is  the 
basis  of  porcelain  and  of  earthenware.  To  the  dyer  and  the 
cahco  printer  the  compounds   of  alumina  are  of  high  value  :  the 
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hydrate  of  alumina  has  the  property  of  combining  intimately  with 
certain  kinds  of  organic  matter^  and  when  salts  of  alumina  are 
mingled  with  coloured  vegetable  or  animal  solutions^  and  precipitated 
by  the  addition  of  an  alkali,  the  alumina  carries  down  the  greater 
portion  of  the  colouring  matter,  forming  a  species  of  pigment 
termed  lakes.  By  soaking  the  cloth  with  a  preparation  of  alumina, 
the  earth  attaches  itself  to  the  fibre ;  and  if  cloth  thus  prepared  be 
plunged  into  a  bath  of  the  colouring  matter,  it  becomes  permanently 
dyed.  Most  colouring  matters  would  be  removed  by  washing, 
were  it  not  for  the  intervention  of  some  mordant,  or  substance 
which  thus  adheres  to  the  fibre  as  well  as  to  the  colouring  matter. 
Binoxide  of  tin  and  the  sesquioxides  of  iron  and  chrome  resemble 
alumina  in  this  respect,  and  are  largely  used  as  mordants  in  dyeing 
calicoes  and  woollens. 

Mr.  Crum  (Q.  Journ.  Chem.  Soc.  vi.  216)  has  described  a 
remarkable  modification  of  hydrate  of  alumina,  which,  in  the 
presence  of  a  very  small  proportion  of  acetic  acid,  is  largely 
soluble  in  water,  and  is  coagulated  and  rendered  insoluble  by  a 
minute  trace  of  sulphuric  acid.  It  appears  probable  from  the 
experiments  of  Pean  de  St.  Gilles(C^em.  Gaz.  1855,  p.  165)  that  ses- 
quioxide  of  iron  admits  of  a  similar  modification  :  these  compounds 
will  be  further  alluded  to  when  the  salts  of  acetic  acid  are  de- 
scribed. 

{^66)  Chloride  of  Aluminum,  (AI2CI3) ;  Eq.  6^. — The  anhydrous 
chloride  of  aluminum  cannot  be  formed  directly  by  dissolving  alu- 
mina in  hydrochloric  acid  and  evaporating  to  dryness ;  since  during 
the  expulsion  of  the  water  a  great  part  of  the  acid  is  also  driven 
ojff.  It  may  be  procured  as  a  yellow,  anhydrous,  volatile  subli- 
mate, by  a  process  devised  by  Oersted  : — alumina,  mixed  with  char- 
coal powder,  is  made  up  into  paste  with  starch  or  oil,  and  sub- 
divided into  pellets;  these  pellets  are  charred  in  a  covered 
crucible,  and  then  exposed  to  ignition  in  a  current  of  dry  chlorine. 
In  this  operation  carbon,  in  a  very  finely  divided  state,  is  mixed 
with  the  alumina :  when  the  mass  is  heated  with  chlorine  the 
carbon  unites  with  the  oxygen  of  the  alumina,  and  the  chlorine  seizes 
the  liberated  aluminum;  AI2O3  +  C3 -f  CI3  =  AI2CI3  +  3  CO.  The 
chloride  of  aluminum  condenses  in  the  cool  part  of  the  tube  in  a  crys- 
talline, somewhat  translucent  mass,  or  as  an  amorphous  powder. 

M.  Deville  prepares  the  chloride  of  aluminum  in  large  quantity 
by  means  of  an  apparatus  similar  to  that  shown  in  fig.  301  :  ^  is  a 
vessel  containing  a  mixture  of  binoxide  of  manganese  and  hydro- 
chloric acid,  for  generating  chlorine ;  « is  a  water  jacket,  for  apply- 
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ing  a  moderate  heat ;  c  is  a  wash-bottle  containing  water  ;  d  con- 
tains sulphuric  acid  ;  e  is  a  bent  tube  filled  with  pumice  stone  soaked 

Fig.  301. 


with  oil  of  vitriol,  to  remove  the  last  traces  of  moisture;  g  is  an 
earthen  retort  filled  with  the  mixture  of  charcoal  and  alumina, 
heated  by  a  charcoal  fire.  The  chlorine  is  conveyed  nearly  to  the 
bottom  of  this  retort  by  means  of  a  porcelain  tube,  /,  luted  into 
the  tubulure  :  the  gas  reacts  upon  the  mixture  in  the  retort,  forming 
carbonic  oxide  and  chloride  of  aluminum ;  and  the  chloride  of  alu- 
minum condenses  in  the  gas-jar,  A,  which  is  placed  for  its  reception  : 
the  open  mouth  of  this  jar  is  closed  by  means  of  a  funnel,  luted  on  with 
a  strip  of  pasted  paper ;  and  the  carbonic  oxide  escapes  through  the 
open  tube,  i,  into  the  chimney.  In  order  to  purify  the  crude  chloride 
of  alumiimmfrom  the  volatile  perchloride  of  iron  which  usually  ac- 
companies it,  the  compound  is  redistilled  from  iron  wire,  by  which  the 
perchloride  of  iron  is  converted  into  protochloride,  which  is  not  vola- 
tile, and  the  chloride  of  aluminum  sublimes  in  a  state  of  purity. 

If  chloride  of  alumumm  be  heated  in  considerable  mass,  it 
melts  at  a  dull  red  heat,  and  near  its  fusing  point  sublimes  rapidly  ; 
when  exposed  to  the  air  it  emits  fumes  of  hydrochloric  acid;  it 
is  very  deliquescent,  and  when  thrown  into  water  hisses  from  the 
heat  developed  by  the  violence  of  the  combination.  This  solution, 
when  concentrated  by  a  very  moderate  heat,  yields  crystals  which 
contain  12  equivalents  of  water  (Bonsdortf).  It  is  soluble  in  alcohol. 
By  subliming  chloride  of  aluminum  in  a  current  of  sulphuretted 
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hydrogen  it  forms  a  combination  with  this  gas  :  this  compound  is  de- 
composed by  resublimation,  or  by  solution  in  water.  It  may  also  be 
made  to  combine  with  phosphuretted  hydrogen  and  with  ammonia. 

Fluoride  of  Aluminum  occurs  native,  combined  with  fluoride  of 
sodium,  forming  cryolite  (3  NaF-j-AlaFg).  It  has  lately  been 
obtained  in  large  quantity  from  Greenland,  and  as  it  is  easily  decom- 
posed by  sodium  it  has  been  employed  by  Percy  and  by  Rose  as  a 
source  of  metallic  aluminum  {Phil.  Mag.,  Oct.  1 855) . 

Another  highly  prized  aluminous  mineral,  containing  fluorine, 
is  the  topaz,  which  is  extremely  hard ;  the  colourless  variety  of  it 
has  a  lustre  which  has  sometimes  caused  it  to  be  mistaken  for  the 
diamond.  Its  composition  is  represented  by  the  formula  2  (AI2O3, 
SiOa)  +  AI2O3,  SiF^. 

{5^7)  Sesquisul/phate  of  Alumina  (AI2O3,  3  SO3,  18  aq).  Eg. 
1 71*5 +  ^^2- — This  salt  is  formed  by  dissolving  alumina  in  sul- 
phuric acid.  It  is  now  manufactured  on  a  large  scale  in  the  north 
of  England,  by  acting  upon  clay  with  undiluted  sulphuric  acid, 
and  is  sold  under  the  name  of  concentrated  alum.  It  crystallizes 
in  thin  flexible  scales  which  are  soluble  in  twice  their  weight  of 
cold  water ;  this  solution  may  be  used  as  a  test  for  potash ;  by 
mixing  it  with  a  solution  containing  a  salt  of  this  alkali,  and  by 
evaporating,  octohedral  crystals  of  alum  are  deposited. 

(568)  Alum;  Sulphate  of  Alumina  and  Potash,  (KO,  SO3  + 
■^^^3}  3  SO3  +  24  aq) ;  Eg.  258.5  +  316 ;  Sp.  Gr.  anhydi^ous,  2*228, 
Crystallized,  1726. — This  important  salt  is  occasionally  found 
native  in  volcanic  districts  in  the  form  of  a  white  efflorescence, 
produced  by  the  action  of  the  sulphuric  acid  of  the  volcano  upon 
the  alumina  and  potash  contained  in  the  lava  and  trachytic 
rocks.  For  the  purposes  of  commerce,  however,  alum  is  manu- 
factured artificially.      Three  principal  methods  are  adopted  : — 

I.  The  simplest  is  that  practised  in  Italy,  where,  especially  in 
the  neighbourhood  of  Civita  Vecchia,  the  alum  rock  or  alum  stone 
is  abundant.  This  rock  contains  the  elements  of  alum  with 
an  excess  of  hydrate  of  alumina,  mixed  with  a  variable  pro- 
portion of  siliceous  matter.  The  ore  is  first  roasted  at  a  gentle 
heat  in  kilns,  avoiding  direct  contact  with  the  fuel :  water  is 
thus  expelled,  and  the  mass  is  rendered  spongy;  the  hydrate  of 
alumina  is  decomposed,  and  the  formation  of  a  basic  sulphate  of 
alumina  and  potash,  which  is  insoluble  in  water,  is  thereby  pre- 
vented :  the  roasted  ore  is  then  arranged  in  long  heaps  or  ridges 
upon  a  firm  clay  floor,  where  it  is  frequently  moistened  with 
water ;  in  the  course  of  two  or  three  months,  the  mass  crumbles 
down  into  a  sort  of  mud,  which  is  lixiviated,  and  by  evaporation 
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yields  crystals  of  alum,  which,  after  a  second  crystallization  are 
fit  for  the  market.  This  variety  of  alum  crystallizes  in  opaque 
cubes,  which  retain  subsulphate  of  alumina. 

2.  Alum  may  be  procured,  as  in  France,  by  gently  igniting 
pipe-clay,  or  some  other  clay  free  from  iron,  then  grinding  it  to 
fine  powder  and  mixing  it  with  half  its  weight  of  sulphuric  acid ; 
the  mass  is  exposed  to  heat  in  a  reverberatory  furnace,  stirring 
frequently  till  it  becomes  stiff;  it  is  then  removed,  and  exposed  to 
the  air  for  4  or  5  weeks ;  the  clay  is  gradually  decomposed  by 
the  acid,  and  sulphate  of  alumina  is  formed ;  this  salt  is  afterwards 
lixiviated  out,  and  converted  into  alum  by  the  addition  of  sulphate 
of  potash. 

3.  A  third  process  is  resorted  to  in  England  and  Germany  for 
the  purpose  of  turning  alum  schist  to  good  account.  This  mineral 
is  abundant  at  Whitby,  in  Yorkshire,  and  in  the  neighbourhood  of 
Glasgow  :  it  is  a  bituminous  shale,  found  amongst  the  lower  beds 
of  the  coal  measures,  and  it  contains  a  large  quantity  of  very  finely 
divided  iron  pyrites,  disseminated  through  its  mass  which  is 
composed  chiefly  of  a  siliceous  clay.  The  mineral  is  decom- 
posed either  by  exposure  to  the  air  or,  as  is  more  usually  practised, 
by  a  slow  roasting,  conducted  upon  the  ore  arranged  with  alter- 
nate layers  of  fuel  in  long  heaps  or  ridges,  which  are  covered  more 
or  less  completely  with  spent  ore,  in  order  to  regulate  the  heat 
and  to  absorb  the  excess  of  sulphuric  acid.  In  this  operation  the 
pyrites,  or  bisulphide  of  iron,  is  converted  into  the  protosulphide 
of  iron,  losing  half  its  sulphur,  which  absorbs  oxygen  and  is 
converted  into  sulphuric  acid ;  this  acid  unites  with  the  alumina, 
while  the  protosulphide  of  iron,  gradually  combining  with  more 
oxygen,  is  converted  into  protosulphate  of  iron,  or  green  vitriol ; 
reS2  +  03  =  FeS  +  S03;  and  FeS  +  Oj.=FeO,  SO3.  Great  care  is 
required  to  prevent  the  temperature  from  rising  too  high,  a  cir- 
cumstance which  would  be  attended  with  decomposition  of  the  sul- 
phate of  alumina  and  loss  of  sulphuric  acid.  After  the  roasting 
is  complete,  the  mass  is  greatly  reduced  in  bulk,  and  is  rendered 
porous  and  freely  permeable  to  the  air ;  the  heap  is  allowed  to  lie 
exposed  to  the  atmosphere,  and  is  moistened  from  time  to  time  j 
it  is  then  lixiviated,  and  the  protosulphate  of  iron  is  separated 
from  the  sulphate  of  alumina  by  crystallization  of  the  liquor. 
The  mother  liquors  often  yield  sulphate  of  magnesia  when  con- 
centrated further. 

In  the  Whitby  alum  works,  in  which  the  quantity  of  the  suli)hatc 
of  alumina  much  exceeds  that  of  the  sulphate  of  iron  in  solution, 
the  concentration  is  completed  in  leaden  pans ;  being  carried  so  far 
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as  that  the  liquid  shall,  when  cold,  be  perfectly  saturated,  but  shall 
deposit  no  crystals.  The  liquid  is  then  run  off  into  the  precipi- 
tating tank^  where  it  is  mixed  with  a  saturated  solution  of  sul- 
phate of  potash,  or,  still  better,  of  chloride  of  potassium,  in  quantity 
sufficient  (as  found  by  trial  on  the  small  scale)  to  yield  the  maxi- 
mum proportion  of  alum.  The  mixture  is  briskly  agitated,  and 
the  double  sulphate  of  alumina  and  potash,  which  is  sparingly 
soluble  in  cold  water,  is  deposited  in  minute  crystals,  technically 
termed  alum  meal  or  flour.  When  chloride  of  potassium  is  used 
the  sulphate  of  iron  is  decomposed,  sulphate  of  potash  is 
produced,  and  the  very  soluble  protochloride  of  iron  is  retained  in 
the  liquor;  KCl  +  FeO,  SO3  =  KO,  SO3  +  FeCl.  To  produce 
100  parts  of  crystallized  alum  between  18  and  19  parts  of  sul- 
phate of  potash  are  required,  or  about  16  parts  of  the  chloride 
of  potassium.  The  mother-liquor  is  drained  off  and  preserved, 
and  the  crystals,  which  have  a  reddish-brown  colour  from 
adhering  iron,  are  twice  washed  by  subsidence  with  a  small 
quantity  of  cold  water,  being  well  drained  after  each  washing. 
The  crystals  are  then  dissolved  by  heat  in  as  small  a  quantity  of 
water  as  possible,  and  the  solution  is  run  off  into  crystallizing 
barrels,  which  in  ten  days  or  a  fortnight  are  taken  to  pieces ;  the 
crystalline  mass  is  broken  into  fragments,  drained,  and  sent  into  the 
market. 

In  the  Scotch  alum  works  at  Campsie,  in  the  neighbourhood 
of  Glasgow,  alum  meal  is  not  formed  ;  but  the  hot  liquor  from  the 
evaporating  pan  is  run  into  a  stone  cooler,  in  which  the  necessary 
quantity  of  dry  chloride  of  potassium  has  been  placed.  The  liquid 
is  thoroughly  agitated  and  left  to  cool ;  on  the  sides  of  the  vessel 
large  crystals  of  alum  form  in  four  or  five  days  ;  they  are  washed, 
and  recrystallized  twice. 

Where  sulphate  of  ammonia  can  be  obtained  sufficiently  cheap, 
it  may  be  substituted  for  sulphate  of  potash  in  the  manufacture 
of  alum ;  as  the  double  salt  which  it  forms  with  sulphate  of  alumina 
crystallizes  with  almost  as  much  facility  as  the  potash  salt ;  it  con- 
stitutes what  is  known  as  ammonia  alum.  Indeed,  for  the 
purposes  to  which  alum  is  applied,  neither  the  sulphate  of  potash 
nor  that  of  ammonia  is  essential;  the  object  proposed  in  the 
manufacture  of  alum  being  to  obtain  a  salt  of  alumina  which,  by 
the  facility  with  which  it  crystallizes,  can  be  freed  from  iron  and 
from  earthy  impurities. 

A  number  of  other  salts  may  be  procured  which  have  the  same 
crystalline  form  as  potash  alum  and  are  similar  to  it  in  constitution  ; 
thus,  sulphate  of  potash  may  be  displaced  by  sulphate  of  soda,  and 
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a  soda  alum  may  be  formed,  but  the  compound  is  much  more 
soluble  than  potash  alum  :  in  like  manner  the  place  of  the  sesqui- 
sulphate  of  alumina  may  be  supplied  by  sesquisulphate  of  iron,  of 
chrome,  or  of  manganese,  forming  a  remarkable  series  of  iso- 
morphous  compounds,  some  of  which  are  enumerated  in  the 
annexed  table : — 

Potash  alum      .  .  KO,       SO3  +  AI2O3,      3  SO3  +  24  aq 

Ammonia  alum  .  H^NO,  SO34-AI2O3,     3  S03  +  24aq 

Soda  alum   .      .  .  NaO,    SOgH-AlgOg,      3  SO3  +  24  aq 

Iron  alum    .      .  .  KO,       SOa  +  FcgOg,     3  SO3  +  24  aq 

Chrome  alum    .  .  KO,      SOg  +  CrgOg,      3  SO3  +  24  aq 

Manganese  alum  .  KO,       SO3, +  Mn203,  3  SO3  +  24  aq 

Besides  these  true  alums,  a  number  of  double  salts  of 
alumina  may  be  formed  with  the  sulphates  of  the  oxides  isomor- 
phous  with  magnesia,  which  crystallize  in  fine  silky  needles.  A 
native  sulphate  of  alumina  and  manganese  was  found  by  Kane  and 
by  Apjohn  to  contain  25  equivalents  of  water,  for  which  Graham 
proposes  the  formula,  MnO,  SO3,  HO  +  AI2O3,  3  SO3,  24  aq,  repre- 
senting a  compound  of  i  equivalent  of  the  sulphate  of  manganese 
with  its  equivalent  of  constitutional  water,  in  combination  with  the 
tersulphate  of  alumina.  A  similar  salt  of  iron  has  been  met  with 
in  the  native  state. 

Ordinary  alum  has  a  sweetish,  styptic  taste;  it  is  soluble  in  about 
1 8  parts  of  cold  water,  and  in  less  than  its  own  weight  of  boiling 
water.  The  solution  has  a  strong  acid  reaction,  and  dissolves  iron 
and  zinc  with  evolution  of  hydrogen.  When  heated,  this  salt  froths 
up,  and  loses  its  water  of  crystallization  which  amounts  to  nearly 
half  its  weight,  forming,  as  it  loses  water,  a  tough  tenacious  paste, 
which  is  ultimately  converted  into  a  voluminous,  white,  infusible, 
porous  mass  of  anhydrous  or  burnt  alum.  If  crystallized  alum  be 
submitted  to  a  regularly  increasing  heat,  a  certain  proportion  of 
the  water  contained  in  it  is  readily  driven  off:  thus  by  a  tempe- 
rature of  212°,  10  equivalents  out  of  the  24  are  expelled,  and  10 
more  at  248°  P.  If  the  salt  be  now  heated  to  392°,  it  is  rendered 
anhydrous  and  insoluble  in  water  (Gerhardt  Journ.  de  Pharm.  III. 
xii.  65).      By  ignition,  alum  loses  a  great  part  of  its  acid. 

Alum  is  largely  employed  in  dyeing.  Its  solution  is  gradually 
mixed  with  carbonate  of  soda,  so  long  as  the  precipitate  is  redissolved 
on  agitation,  which  happens  till  two-thiids  of  the  acid  have  been  neu- 
tralized. The  salt  employed,  therefore,  is  a  solution  of  AI2O3,  SO34- 
KO,  S03  4-2(NaO  SO3).  Cloths  dipped  into  this  liquid  remove  the 
alumina  thus  redissolved,  and  contract  an  intimate    mechanical 
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combination  with  it,  by  which  they  are  enabled,  as  already  men- 
tioned, to  retain  the  colours  of  the  dye  stuffs  employed.  Upon 
evaporation,  cubic  crystals  of  alum  are  deposited  from  this  solution, 
and  the  excess  of  alumina  separates.  A  hydrated  subsulphate  of 
alumina,  (AlgOg,  SO3  +  9  aq),  containing  the  same  proportion  of 
sulphuric  acid  and  alumina  as  that  formed  in  the  mordanting 
liquid  just  described,  is  obtained  by  precipitating  the  sesquisulphate 
of  alumina  by  caustic  ammonia ;  it  is  a  white  insoluble  powder.  A 
white  earthy-looking  mineral,  termed  aluminite,  said  to  have  the 
same  composition  as  this  subsulphate,  is  found  near  Newhaven. 

(569)  Phosphates  of  Alumina. — Several  minerals  occur,  into  the 
composition  of  which  phosphate  of  alumina  enters.  The  blue 
turquoise  is  a  hydrated  native  phosphate,  a(Al203,  P05)+5  aq, 
coloured  by  oxide  of  copper  and  oxide  of  iron.  Gibbsite,  which 
was  formerly  considered  to  be  a  hydrate  of  alumina,  was  found  by 
Hermann  to  consist  of  a  hydrated  phosphate  of  the  earth,  mixed 
with  variable  proportions  of  hydrate  of  alumina.  Phosphate  of 
alumina,  (AI2O3,  PO5),  may  be  prepared  artificially  by  mixing  solu- 
tion of  phosphate  of  soda  with  solution  of  alum ;  the  precipitate 
must  be  well  washed.  If  this  precipitate  be  redissolved  in  an  acid, 
and  ammonia  be  added,  the  precipitate  thus  occasioned,  has, 
according  to  Rammelsberg,  the  composition  (4  AI2O3,  3  PO5,  18  aq) . 
Wavellite  is  a  mineral  which  crystallizes  in  tufts  of  radiated  needles  ; 
according  to  Berzelius,  it  is  a  combination  of  fluoride  of  alu- 
minum with  the  last  mentioned  subphosphate  of  alumina,  3  (4  AI2O3, 
3  POg+ 18  aq) +Al2r3.  The  mineral,  amblygonite,  is  a  combina- 
tion of  the  same  subphosphate  of  alumina  with  phosphate  of  lithia, 
(2  LO,  PO5 -h  4  AI2O3,  3  PO5).  Lazulite  is  a  blue  mineral  com- 
posed of  another  double  phosphate  which  contains  the  same  phos- 
phate of  alumina,  2  (3  [CaMgFe]  O,  PO5)  +  (4  AI2O3,  3  PO5)  +  6  aq, 
coloured  by  subphosphate  of  iron  (Rammelsberg) . 

Phosphate  of  alumina,  in  its  hydrated  form,  is  readily  soluble 
in  hydrochloric  acid.  Its  solution  may  be  precipitated  by  potash, 
but  the  precipitate  is  redissolved  by  an  excess  of  the  alkali.  In 
the  operations  of  analysis  it  is  often  necessary  to  separate  phos- 
phoric acid  from  alumina :  this  is  most  readily  effected  by  Otto's 
method,  in  which  the  hydrochloric  solution  is  mixed  with  tartaric 
acid,  and  then  with  ammonia  and  chloride  of  magnesium;  the 
phosphoric  acid  precipitates  as  the  double  phosphate  of  magnesia 
and  ammonia,  (H4NO,  2  MgO,  PO5+  12  aq),  and  the  whole  of  the 
alumina  remains  in  solution. 

(570)  Silicates  of  Alumina. — The  compounds  of  silica  with 
alumina  are  numerous  and  important.      All  the  varieties  of  clay 
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consist  of  hydrated  silicate  of  alumina  more  or  less  mixed  with 
other  matters  derived  from  the  rocks  which_,  by  their  disintegration, 
have  formed  the  clay.  Clay  is,  in  fact,  the  result  of  the  combined 
action  of  air  and  water  upon  felspathic  and  siliceous  rocks,  and 
therefore  necessarily  varies  considerably  in  composition.  The 
fundamental  constituent  of  the  more  important  varieties  of  clay, 
according  to  the  researches  of  Brongniart,  of  Malaguti,  and  others, 
is  represented  by  the  formula,  2  AlgOg,  3  Si02  +  4  aq.  This  appears 
to  be  the  composition  of  the  fire  clay  of  the  Staffordshire  coal 
measures.  The  ordinary  varieties  of  clay,  however,  contain  frag- 
ments of  undecomposed  rock,  a  certain  proportion  of  potash,  and 
variable  amounts  of  silica  in  the  hydrated  condition,  mixed  with 
oxide  of  iron,  lime,  and  magnesia;  the  character  of  the  clay  is 
materially  modified  according  as  one  or  other  of  these  ingredients 
predominates. 

Pure  clay,before  it  has  been  ignited, forms,  when  kneaded,  a  tena- 
cious, plastic  paste,  which  is  insoluble  in  water,  but  may  readily  be 
diffused  through  it  in  particles  which  are  in  an  extreme  state  of 
subdivision ;  the  deposit,  when  freed  from  the  excess  of  water,  as  it 
subsides,  resumes  its  plastic  character.  This  paste,  when  slowly 
dried,  and  exposed  to  a  high  temperature,  shrinks  very  much,  and 
splits  into  masses  which  are  extremely  hard,  but  they  do  not  undergo 
fusion  in  the  furnace.  Pure  hydrated  silicate  of  alumina  is  very 
slowly  acted  upon  by  hydrochloric  or  by  nitric  acid ;  but  it  is  decom- 
posed when  heated  with  concentrated  sulphuric  acid;  and  upon 
this  fact  one  of  the  processes  for  preparing  alum  (568)  is  founded. 
A  gentle  roasting  of  the  clay,  previous  to  the  addition  of  the  acid, 
frequently  favours  its  disintegration ;  but  ignition  at  a  high  tem- 
perature renders  it  proof  against  the  action  of  all  acids.  Strong 
solution  of  potash  dissolves  unburnt  clay  very  slowly ;  but  if  alkali 
in  excess  be  fused  with  clay,  the  resulting  mass  is  rendered  easily 
soluble  in  water. 

The  intermixture  of  lime,  magnesia,  or  oxide  of  iron,  in  any 
considerable  quantity  with  the  clay,  greatly  increases  its  fusibility, 
diminishes  its  plasticity,  and  causes  it  to  be  more  readily  attacked 
by  acids ;  whilst  an  excess  of  silica  renders  it  less  fusible. 

Clay  emits  a  peculiar  argillaceous  odour  when  breathed  upon 
or  slightly  moistened :  its  presence  in  any  soil  may  be  roughly  but 
readily  distinguished  by  the  absorbent  quality  which  it  exhibits 
when  applied  in  a  dry  state  to  the  tongue  or  the  lips  ;  it  adheres 
to  them  strongly,  and  absorbs  the  saliva  from  their  surface.  This 
absorbent  property  of  clay  causes  it  to  retain  ammonia  in  the  soil 
to  an  extent  which  is  of  great  importance  to  growing  plants,  and, 
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as  Mr.  Way  has  sliown^  it  arrests  the  ammoniacal  portions  of  tlie 
manure  applied  to  the  surface,  and  thus  ilot  only  ministers  to  tlie 
growth  of  the  crop,  but  exerts  a  very  important  purifying  influence 
upon  -water  impregnated  with  organic  and  other  substances,  which 
find  their  way  slowly  through  the  soil.  Indeed,  he  -has  shown  that 
mere  agitation  of  such  water  with  finely  divided  clay  is  sufficient 
to  remove  a  considerable  amount  of  the  organic  and  saline  matter 
previously  in  solution.  Mr.  Way  found  that  both  sulphate  of 
ammonia  and  chloride  of  ammonium  were  partially  decomposed  by 
the  lime  of  the  clay,  the  ammonia  being  retained,  whilst  a  corre- 
sponding amount  of  sulphate  of  lime  or  of  chloride  of  calcium  was 
formed  in  the  solution.  A  similar  decomposing  action  was  also 
exerted  upon  nitrate  of  potash. 

(571)  The  more  important  varieties  of  clay  are  the  following  : — 

1 .  The  celebrated  kaolin^  or  porcelain  clay  of  China,  is  a  very 
pure  white  clay,  w^hich  results  from  the  decomposition  of  a  granitic 
rock,  the  constituents  of  which  are  quartz,  felspar,  and  mica,  the 
felspar  having  gradually  mouldered  into  this  substance.  A  very 
similar  description  of  clay  is  obtained  near  St.  Austle,  in  Cornwall, 
and  at  St.  Yrieix,  near  Limoges,  in  France.  It  is  in  these  cases 
chiefly  produced  by  the  disintegration  of  a  rock,  known  to  geolo- 
gists as  pegmatite^  which  is,  in  fact,  a  species  of  granite  in  which 
mica  is  almost  wanting,  and  quartz  present  in  but  small  quantity. 
The  Cornish  stone  used  by  the  porcelain  makers  is  the  same  rock  in 
a  less  advanced  stage  of  disintegration.  The  plasticity  of  kaolin 
is  much  less  than  that  of  the  clay  derived  from  disintegration  of 
the  secondary  rocks. 

2.  Pipeclay  is  a  white  variety  of  clay,  which  is  nearly  free  from 
iron.  That  of  the  Isle  of  Purbeck,  in  Dorsetshire,  where  it  occurs 
nearly  at  the  base  of  the  clay  deposits,  is  preferred ;  it  is  used 
in  the  manufacture  of  tobacco  pipes  without  any  addition ;  before 
the  oxy hydrogen  blowpipe  it  melts  to  a  transparent,  nearly  colourless 
glass. 

3.  The  blue  clay  of  Devonshire  and  Dorsetshire  is  highly 
prized,  as  it  is  eminently  plastic,  and  yields  a  white  paste  when 
fired.  It  is  employed  as  one  of  the  materials  in  the  manufacture 
of  porcelain. 

The  upper  beds  of  clay  frequently  contain  a  large  proportion 
of  sand  mixed  with  the  plastic  material,  and  are  well  suited  for 
making  salt-glazed  stoneware  without  further  admixture. 

4.  When  the  proportion  of  carbonate  of  lime  in  a  clay  is  con- 
siderable, it  constitutes  what  is  known  as  a  7narl ;  if  the  aluminous 
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constituent  preponderate,  it  forms  an  aluminous  marl ;  if  the  car- 
bonate of  lime  be  in  excess^  it  is  a  calcareous  marl.  The  aluminous 
marls  are  extensively  used  in  the  manufacture  of  the  coarser  and 
more  porous  kinds  of  pottery. 

5.  Loam  is  a  still  more  mixed  substance,  belonging  to  the  more 
recent  alluvial  formations ;  it  is  the  common  material  of  which 
bricks  are  made;  its  red  or  brown  colour  is  derived  from  the 
large  proportion  of  peroxide  of  iron  which  it  contains. 

6.  Yelloiv  ochre  and  red  bole  are  clays  which  derive  their 
colour  from  oxide  of  iron,  which  is  present  in  them  in  large  quantity. 

Halloysite  is  a  white  hydrated  silicate  of  alumina  which  greatly 
resembles  kaolin  in  appearance,  but  it  is  destitute  of  any  plastic 
character,  and  is  therefore  unfitted  for  the  manufacture  of  porce- 
lain. 

Fuller's  earth  is  a  porous  silicate  of  alumina  which  has  a  strong 
adhesion  to  oily  matters  :  if  made  into  a  paste  with  water,  and 
allowed  to  dry  upon  a  spot  of  grease  upon  a  board  or  a  cloth, 
it  removes  most  of  the  oil  by  capillary  action.  Amongst  other 
localities  in  England  it  is  found  abundantly  near  lleigate,  in 
Surrey. 

Besides  these  amorphous  silicates  of  alumina,  there  are  many 
which  occur  in  a  crystalline  form.  Disthene,  or  cyanite,  is  a  blue- 
coloured  soft  mineral  of  this  kind  ( AI2O3,  SiOg) . 

The  following  table  exhibits  the  composition  of  some  of  the 
more  important  varieties  of  clay  used  in  the  arts.  The  first  two 
are  results  obtained  by  Ebelmen  and  Salvetat,  the  others  are  from 
analyses  executed  in  Richardson^s  laboratory,  and  are  quoted  in 
the  second  volume  of  the  English  translation  of  Knapp^s  Technolo- 
gical Chemistry  : — 
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(571  bis.)  The  zeolites  are  hydrated  double  silicates  in  which  the 
principal  bases  are  alumina  and  lime.  They  boil  up  when  heated 
upon  charcoal  before  the  blowpipe,  and  dissolve  in  acids,  leaving 
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tlie  silica  in  a  gelatinous  state.  In  these  minerals  the  lime  is 
liable  to  displacement  more  or  less  complete  by  protoxide  of  iron^ 
by  magnesia,  or  by  the  alkaline  bases.  They  are  often  very 
beautifully  crystallized.  Analcimej  (NaO,  Si02  +  Al203,  3  Si02  + 
2,  aq,)  is  one  of  these  minerals ;  it  crystallizes  in  cubes.  Stilbite 
crystallizes  in  radiated  needles,  and  has  the  composition  of  hydrated 
labradorite,  (CaO,  3  SiOg  +  AlaOg,  3  Si02  +  6  aq.)  Prehnite  crys- 
tallizes in  six-sided  prisms ;  it  may  be  represented  by  the  formula 
2  (CaO,  Si03)+Al203,Si02  +  aq. 

The  varieties  of  felspar,  (MO,  3  SiOg  +  AI2O3,  3  SiOg),  are 
likewise  double  silicates  of  alumina  with  potash,  soda,  lithia,  or 
lime.  Potash  felspar,  the  adularia  or  orthoclase  of  mineralogists, 
and  the  petuntze  of  the  Chinese  potters,  is  sufficiently  hard  to 
scratch  glass;  it  is  used  as  a  glaze  in  the  manufacture  of  the 
finest  kinds  of  porcelain.  Felspar  requires  the  most  intense  heat 
of  the  porcelain  furnace  for  its  fusion,  when  it  forms  a  white  milky 
glass.  Soda  felspar,  from  its  usual  white  colour,  has  received  the 
name  of  albite.  The  felspar  containing  lithia  constitutes  petalite. 
Common,  or  potash  felspar,  crystallizes  in  oblique  rhombic  prisms. 
Labradorite  is  a  double  silicate  of  alumina,  analogous  to  felspar, 
but  it  contains  lime  instead  of  the  alkaline  bases :  it  crj^stal- 
lizes  in  doubly  oblique  prisms  belonging  to  the  sixth  system. 

These  minerals,  by  disintegration,  yield  the  porcelain  clay,  or 
kaolin. 

Felspar  not  only  forms  the  regularly  crystallized  minerals  just 
mentioned,  but  it  occurs  mingled  with  quartz  and  other  crystallized 
minerals :  it  is  indeed  one  of  the  most  abundant  constituents  of 
many  of  the  older  rocks.  Granite,  for  example,  is  a  rock  consisting 
of  intermixed  crystals  of  quartz,  felspar,  and  mica.  When  it  con- 
tains hornblende  instead  of  mica,  the  term  syenite  is  given  to  it. 
Gneiss  contains  the  same  components  as  granite,  but  it  has  a  more 
stratified  appearance,  as  the  mica  occurs  more  in  layers.  Porphyry 
consists  chiefly  of  compact  felspar,  with  crystals  of  felspar  dissemi- 
nated through  it ;  it  is  often  red  or  green,  and  takes  a  fine  polish. 
Basalt  is  a  dark-coloured  volcanic  rock,  consisting  of  compact 
felspar  containing  crystals  of  augite.  When  the  felspathic  con- 
stituent is  replaced  by  labradorite  (or  lime  felspar),  the  basalt  is 
called  dolerite.  Trap,  or  greenstone,  is  a  very  tough,  compact, 
igneous  rock,  of  a  dark  greenish  or  brownish-black  colour ;  it  is 
composed  of  an  intimate  mixture  of  felspar  and  hornblende.  If  it 
contain  soda  felspar  (albite),  the  rock  is  known  under  the  name  of 
diorite.     Trachyte  is  a  volcanic  rock  also  consisting  chiefly  of  felspar, 
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less  compact  than  either  porphyry  or  basalt.  The  porous  pumice- 
stone  of  volcanic  districts  is  probably  altered  felspar ;  it  contains  a 
much  smaller  proportion  of  alkali  than  the  crystallized  mineral. 
Melted  pumice  constitutes  obsidian,  or  volcanic  glass. 

Garnet,  which  commonly  crystallizes  in  rhombic  dodecahedra, 
and  idocrase,  which  crystallizes  in  square  prisms,  are  basic  double 
silicates  of  lime  and  alumina,  in  which  part  of  the  lime  is  dis- 
placed by  other  protoxides,  and  the  alumina  by  sesquioxide  of 
iron,  3(Ca  Mg  Fe  Mn)  O,  2  SiOg  +  (AlFe)203,  SiOg.  In  pyrope, 
which  is  a  species  of  garnet  found  in  Bohemia,  the  colouring 
matter  is  partly  sesquioxide  of  chromium.  These  minerals  have  a 
hardness  greater  than  that  of  quartz. 

The  different  forms  of  mica  are  also  double  silicates  of  alumina, 
which  contain  in  addition  a  small  quantity  of  water  and  of  some 
alkaline  fluoride.  Uniaxal  mica  consists  chiefly  of  silicate  of  mag- 
nesia and  silicate  of  alumina,  2  [2  (MgKFe)  O,  SiOg]  +  (AlFe)203, 
2  SiOa-  In  biaxal  mica,  (K  Fe)  O,  3  SiOg  +  S  [(AlFe)203,  SiOg], 
on  the  other  hand,  silicate  of  potash  predominates.  Lepidolite  is  a 
variety  of  biaxal  mica  in  which  silicate  of  lithia  takes  the  place  of 
silicate  of  potash. 

Another  important  double  silicate  of  alumina  and  magnesia 
constitutes  chlorite,  4(Mg  Fe)  O,  Si02+(A1  Fca)  O3,  Si02  +  3  aq, 
which  occurs  both  massive  and  in  crystals  with  a  granular  frac- 
ture, and  is  of  a  green  colour.  In  the  massive  form  of  chlorite 
slate  it  occurs  as  one  of  the  primitive  rocks  which  is  widely  dis- 
tributed. Roofing  slate  is  an  argillaceous  rock  which  splits  readily 
into  thin  laminse.  There  are  many  varieties  of  slate.  Mica  slate, 
as  its  name  implies,  contains  particles  of  mica,  to  which  it  owes 
its  glistening  appearance.  Hornblende  slate  contains  hornblende 
in  place  of  mica,  and  has  little  lustre. 

(572)  Porcelain  and  Pottery  Ware.  —  In  the  preparation  of 
earthenware  the  material  employed  is  required  to  possess  a  plasticity 
equal  to  that  of  red-hot  glass,  and  yet  to  be  capable  of  being 
rendered  by  heat  sufficiently  firm  and  hard  to  resist  the  mechanical 
violence  necessarily  inflicted  on  it  by  daily  use. 

The  basis  of  earthenware,  porcelain  and  china,  is  silicate  of 
alumina;  it  possesses  the  plasticity  required,  and  when  heated 
assumes  a  great  degree  of  hardness.  Pm'c  silicate  of  alumina, 
however,  contracts  greatly  and  unequally  on  drying :  the  utensils 
made  from  it  would  consequently  be  liable  to  crack  during  their 
desiccation ;  in   order,  therefore,  to  diminish  the   amount  of  this 

3  H  2 


832        VARIETIES    OF    EARTHENWARE PORCELAIN_,    OR    CHINA. 

contraction^  an  addition  of  some  indifferent  powder^  sucli  as  ground 
flint_,  is  made ;  while  to  compensate  for  the  loss  of  tenacity  thus 
occasioned_,  and  which  is  particularly  experienced  in  the  use  of  the 
fine  clays  employed  for  porcelain,  some  fusible  material  is  added, 
which,  at  the  temperature  required  for  firing,  undergoes  vitrifica- 
tion and  greatly  assists  in  binding  the  mass  together.  According 
to  the  greater  or  less  proportion  of  these  fusible  materials,  the 
ware  is  more  or  less  semi-transparent,  and  more  or  less  subject,  like 
glass,  to  fly  on  the  application  of  sudden  changes  of  temperature. 

The  articles  which  have  passed  through  the  kiln,  and  have  thus 
acquired  firmness,  are  rough  and  uneven,  and  the  coarser  kinds  of 
ware  are  very  porous. 

It  is  usual,  in  order  to  give  smoothness  and  uniformity  to  the 
surface,  as  well  as  to  render  the  body  of  the  ware  impermeable 
to  moisture,  to  cover  it  with  a  kind  of  flux  or  glaze,  which  melts 
at  a  lower  temperature  than  the  material  composing  the  ware 
itself ;  and  in  order  to  melt  the  glaze  the  articles  are  a  second  time 
passed  through  the  kiln. 

The  materials  employed  in  the  fabrication  of  porcelain  and 
earthenware  are  clays  of  various  degrees  of  purity  and  fineness, 
ground  felspar,  calcined  flints  or  sand,  burnt  bones,  chalk,  and  car- 
bonate of  soda  or  potash ;  they  do  not,  therefore,  very  greatly  differ 
from  those  which  are  employed  in  glass-making,  except  in  the 
great  preponderance  of  silicate  of  alumina.  The  varieties  of  pot- 
tery or  earthenware  are  numerous :  the  following  include  those 
which  are  of  most  importance  : — 

I.  Porcelain,  or  China. — This  is  the  finest  and  most  valuable 
description  of  ware  :  it  is  distinguished  from  ordinary  earthenware 
by  the  composition  of  the  paste  from  which  it  is  formed.  The 
materials  are  selected  with  great  care,  in  order  that  they  may 
give  a  colourless  mass  after  firing.  Porcelain  consists  mainly  of 
two  classes  of  materials,  one  of  which,  the  clay,  is  plastic,  and  is  in- 
fusible at  the  temperature  employed  to  fire  it ;  the  other  (chiefly 
silicate  of  lime  and  potash)  softens  and  becomes  vitrified,  forming 
a  kind  of  cement  which  binds  the  clay  firmly  together,  and  thus 
produces  a  translucent  mass,  which  when  broken  appears  of  a 
uniform  texture  throughout,  and  is  impervious  to  liquids.  Much 
judgment  is  required  in  the  due  proportioning  of  the  fusible  and 
infusible  materials. 

The  celebrated  Sevres  porcelain  resembles  the  original  Chinese 
ware,  of  which,  indeed,  it  is  an  imitation.  Regnault  states  the 
composition  of  the  paste  used  at  Sevres  for  ornamental  purposes 
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to  be  the  following : — Washed  kaolin,  62  parts ;  Bougival  chalk, 
4;  Aumont  sand,  17;  quartzose  felspar,  17.  As  however  the 
composition  of  the  kaolin  varies,  the  admixture  of  the  other  mate- 
rials is  necessarily  varied  also,  so  as  to  obtain  a  porcelain  of 
uniform  composition. 

In  order  to  give  a  smooth  sm*face  to  the  ware,  a  glaze  similar 
in  composition  to  the  fusible  material  is  used.  The  glaze  em- 
ployed at  Se^Tes  consists  of  a  mixture  of  felspar  and  quartz.  It 
is  transparent,  and  rather  more  fusible  than  the  body  of  the  ware, 
but  becomes  thoroughly  incorporated  with  it,  and  from  its  simi- 
larity in  composition  it  expands  and  contracts  by  heat  uniformly 
with  the  paste  which  it  covers ;  hence  it  is  not  liable  to  crack  and 
split  in  all  directions  in  the  manner  which  is  so  commonly 
observed  in  the  glaze  of  the  more  ordinary  kinds  of  earthenware. 

The  china  of  Berlin  and  Meissen  is  very  similar  in  composi- 
tion to  that  of  Sevres :  these  constitute  what  is  termed  hard,  or 
true,  porcelain. 

English  porcelain  contains,  in  addition  to  the  Cornish  clay  and 
felspar  or  flint,  a  large  proportion  of  burnt  bones;  the  glaze, 
which  is  transparent,  usually  contains  both  borax  and  oxide  of 
lead  to  increase  its  fusibility.  English  porcelain  is  softer  than  the 
Chinese,  French,  or  German  porcelain,  and  constitutes  one  variety 
of  what  the  French  term  porcelain  tendrCj  the  manufacture  of 
which  in  France  is  now  rarely  practised. 

2.  Stoneware  is  a  species  of  porcelain  in  which  the  body  of 
the  ware  is  more  or  less  coloured,  less  care  being  taken  with 
regard  to  the  purity  of  the  material.  It  generally  contains  more 
oxide  of  iron,  and  consequently  is  somewhat  more  fusible  than  the 
best  porcelain,  and  is  usually  salt-glazed  in  a  manner  shortly  to 
be  described.  Wedgwood-ware  is  a  fine  description  of  stone- 
ware. 

3.  Fine  Earthenware. — Articles  of  this  description  are  very 
extensively  manufactured  in  the  Staffordshire  Potteries,  and  con- 
stitute the  ordinary  table  service  of  this  country.  The  Devonshire 
and  Dorsetshire  clays  are  those  chiefly  made  use  of;  they  are 
mixed  with  a  large  proportion  of  ground  flints,  and  yield  an  infu- 
sible paste  which  burns  nearly  white.  The  body  of  the  ware  is 
not  fused  in  the  firing,  but  it  is  rendered  impervious  to  liquids  by 
means  of  a  fusible  lead  glaze. 

4.  Common  Earthenware  is  made  of  an  inferior  and  more 
fusible  description  of  clay :  both  this  kind  of  ware  and  the  fore- 
going one  crack  easily  on  the  sudden  application  of  heat. 
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5.  The  coarsest  description  of  clay  goods  are  bricks^  tiles, 
flowerpots,  and  similar  articles. 

6.  Articles  which  are  required  to  stand  a  high  temperature, 
such  as  fire-bricks  for  lining  furnaces,  mufiies,  pots  for  the  fusion 
of  glass,  crucibles  for  melting  steel,  and  the  Hessian  crucibles  so 
largely  in  demand  in  the  laboratory,  are  made  of  a  pure,  infusible 
siliceous  clay,  the  shrinking  of  which  during  drying  is  diminished 
by  the  addition  either  of  burnt  clay  of  the  same  description,  or  of 
what  amounts  to  the  same  thing,  broken  pots  of  the  same  material, 
which  are  reduced  to  a  fine  powder  and  incorporated  with  the 
paste. 

The  following  table  gives  the  composition  of  some  of  the  more 
important  varieties  of  china  and  pottery  ware  : — 


Silica      .    . 

Porcelain. 

Wedg- 
wood 
ware. 

Lambeth 
stone 
ware. 

Hessian 
crucible. 

China. 

Berlin. 

English. 

Sevres, 

Meissen. 

C.Cowper 

Wilson. 

Cowper. 

Laurent. 

Laurent. 

Salvetat. 

Salvetat. 

Berthier. 

71-04 

71-34 

40-50 

58-0 

57-7 

6649 

74' 00 

71 

Alumina     ") 

21-16 

34' 1 5 

34-5 

36  0 

26-00 

22-04 

25 

Oxide      of  V 

22-46 

1 

iron .     .   J 

1-74 

0-8 

6-12 

2-00 

4 

Lime        .     . 

1-^2 

0-57 

I4-:J* 

4-5 

0-3 

1-04 

o-6o 

Alkali      .     . 

i-68 

Z'oo 

528 

30 

S-2 

0-20 

106 

Magnesia     . 

0-20 

0-43 

trace 

0-15 

0-I7 

Bone  earth  ) 

and  oxide  > 

15-32 

of  iron      J 

loo-oo 

9961 

loo-oo 

lOO-O 

loo-o 

loo-oo 

99  87 

1000 

(573)  ^^^  t^6  finer  kinds  of  porcelain  much  care  is  taken  to 
ensure  the  purity  and  minute  subdivision  of  the  constituents,  as 
well  as  their  intimate  admixture.  The  clay  is  first  ground  between 
horizontal  stones  under  water ;  it  is  next  levigated  in  water,  to  allow 
the  coarser  particles  to  subside  while  the  lighter  ones  remain  in  sus- 
pension. The  finer  suspended  particles  are  then  formed  into  a  mixture 
of  the  consistence  of  thin  cream ;  a  wine  pint  of  this  being  made  to 
weigh  24  or  26  ounces  :  in  this  state  the  cream  or  pulp  is  mixed  with 
the  ground  felspar,  flint,  or  other  material.  Suppose,  for  example, 
that  the  pulp  is  to  be  mixed  with  ground  flints ;  the  flints  are  heated 
to  redness,  suddenly  quenched  in  cold  water,  and  then  reduced  by 
stamping  and  grinding  them  under  water  to  an  impalpable  powder ; 
this  also  is  suspended  in  water,  a  wine  pint  of  the  mixture  being 
made  to  weigh  32  ounces.  The  two  ingredients  are  easily  mixed 
in  the  necessary  proportions  by  taking  a  given  measure  of  each 
pulp  and  thoroughly  incorporating  them.  The  mixture  thus  ob- 
tained is  technically  termed  slip.      The  slip  is  well  agitated  and 
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allowed  to  subside ;  the  deposit  is  drained  (carefully  mixing  it  from 
time  to  time),  and  dried,  until  it  has  acquired  sufficient  consistence 
to  allow  of  its  being  wrought  by  the  potter.  Much  labour  is  after- 
wards bestowed  in  working  this  clay  in  such  a  manner  as  to  render 
it  of  uniform  composition  throughout,  and  to  preserve  it  free  from  air 
bubbles.  It  is  generally  considered  that  the  mixture  is  greatly  im- 
proved in  quality  by  being  allowed  to  remain  some  months  before  it 
is  worked  up,  the  mass  being  occasionally  turned  over  and  beaten. 

Less  labour  is  expended  upon  the  coarser  kinds  of  pottery. 
After  the  raw  clay,  brought  from  Devonshire  or  Dorsetshire  in 
blocks  of  about  30  pounds  weight,  has  been  dried,  it  is  ground  and 
mixed  with  a  certain  proportion  of  ground  flints ;  it  is  then  tem- 
pered with  water  into  a  stiff  paste,  and  passed  between  rollers  to 
complete  the  process  of  fitting  it  for  the  wheel. 

The   mechanical  operations  are  of  the  same  nature  in  every 
case ;  and  for  fashioning  the  clay  the  potter^ s  wheel  is  in  general 
use.      This  consists  of  a  circular  slab  which  can  be  made  to  revolve 
in  a  horizontal  plane,  either  by  a  treddle  worked  by  the  foot,  or  by  a 
winch  turned  by  a  boy  or  girl.      A  mass  of  clay  of  the  size  re- 
quired is   dashed  upon  the  moistened  slab,  and  is  worked  by  the 
hands,  the  wheel  revolving  during  the   whole  time,  so  that  the 
operation  is  a  compound  of  moulding  and  turning;  the  article  is 
finally  trimmed  up  with  a  wooden  tool,  and  the  work  is  detached 
from  the  wheel  by  passing  a  wire  between  the  slab  and  the  vessel. 
The  moulded  articles  are  then  allowed  to  dry  for  a  day  or  two  in 
a  room  heated  from  90°  to  100°  F.,  in  order  to  give  them  firmness, 
to  permit  them,  when  necessary,  to  be  carefully  turned  on  a  lathe. 
After  this  operation  has  been  completed,  the  handles   and   orna- 
ments may  be   attached;  these   are  made  in  moulds,  and  adhere 
readily  by  means  of  slip  when  pressed  against  the  moulded  mass, 
which  is  still  moist.    The  articles  have  at  this  stage  received  the  foi-m 
which  they  are  intended  to   retain,  and  are  next  subjected  to  heat 
in  the  biscuit  furnace.      It  is  necessary  that  the  temperature  be  at 
first  very  gradually  and  carefully  raised,  lest  the  aqueous  vapour, 
being  extricated  too  suddenly,  should  deface  the  vessel  or  injure  its 
texture.      By  this  first  firing  the  different  articles  acquire  a  greater 
degree  of  firmness,  and  can  be  handled  without  danger  of  breakage, 
but  they  are  in  a  very  porous    state,   technically  termed   biscuit. 
The  ware  in  this  stage  readily  absorbs  any  solution  that  may  be 
placed  upon  its  surface,  and  this  is  the  period  chosen  for  printing 
the  patterns  or  designs  which  the  finished  goods   are  to   exhibit. 
The  colouring  matter  generally  consists  of  some  metallic  oxide 
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ground  up  with  boiled  linseed  oil.  Blue  is  usually  given  by  oxide 
of  cobalt;  green  by  oxide  of  chrome;  brown  by  a  mixture  of 
oxides  of  iron  and  manganese ;  blacky  by  the  black  oxide  of  ura- 
nium ;  and  a  pink^  which  is  much  esteemed^  by  a  combination  of 
oxide  of  tin_,  lime^  and  a  minute  quantity  of  oxide  of  chrome.  In 
order  to  apply  the  colouring  material^  it  is  printed  from  copper  plates 
on  a  thin  unsized  paper  made  for  the  purpose ;  this  paper,  while 
the  colour  is  still  moist,  is  applied  to  the  surface  of  the  biscuit ;  the 
design  is  soon  absorbed  by  the  ware,  and  the  paper  is  washed  off. 
The  ware  is  now  subjected  to  another  baking  or  firing,  for  the  piu'- 
pose  of  fixing  the  colour  and  burning  off^  the  oil.  In  the  finer 
kinds  of  decoration,  the  application  of  the  colouring  matter  re- 
quires the  nicest  management ;  for  details  upon  this  point,  and 
indeed  upon  most  others  connected  with  the  art  of  Pottery,  the 
reader  is  referred  to  Brongniart's  great  work,  Sur  les  Arts  Cera- 
miques.  After  the  application  of  the  colouring  material  the  ware 
still  remains  far  too  porous  for  use,  and  it  further  undergoes  the 
process  of  glazing. 

The  glaze  of  ordinary  earthenware  usually  consists  of  a  fusible 
material  containing  a  considerable  quantity  of  oxide  of  lead;  a 
mixture  of  felspar,  flint,  flint  glass,  and  white  lead  is  in  common 
use  :  it  is  ground  into  a  thin  paste  with  water,  the  articles  are 
dipped  in  singly,  and  quickly  absorb  moisture,  leaving  the  glaze  on 
the  surface,  which  when  heated  fuses  and  fills  the  pores. 

The  glazing  of  stone  ware  depends  upon  a  peculiar  mode  of  de- 
composition of  common  salt.  Chloride  of  sodium  is  not  decomposed 
by  heat  alone,  and  if  heated  with  dry  silicic  acid  no  decomposition 
occurs ;  but  in  the  presence  of  silica  and  some  substance  capable 
of  imparting  oxygen  to  the  sodium,  and  at  the  same  time  of  re- 
moving the  chlorine  with  which  it  is  united  — such,  for  instance,  as 
steam,  or  oxide  of  iron — the  salt  is  susceptible  of  decomposition  at 
an  elevated  temperature ;  silicate  of  soda  and  hydrochloric  acid,  or 
silicate  of  soda  and  perchloride  of  iron,  as  the  case  may  be,  being 
formed.  The  various  utensils,  having  been  dipped  into  sand  and 
water,  are  placed  in  the  kiln,  and  are  gradually  raised  to  an  in- 
tense heat.  A  certain  quantity  of  moist  salt  is  then  thrown  in  :  the 
chloride  of  sodium  is  quickly  converted  into  vapour,  and  the  salt 
is  decomposed  by  the  silica,  and  the  oxide  of  iron  in  the  clay, 
aided  by  the  steam  produced  in  the  combustion  of  the  fuel  in  the 
furnace.  The  chloride  of  iron  and  hydrochloric  acid  pass  oft' 
in  vapour  with  the  excess  of  salt   employed,  whilst  the  silicate  of 
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soda  fuses  upon  the  ware^  and  renders  it  impervious  to  liquids. 
The  reactions  may  be  thus  represented ; — 

HO  +  NaCl  +  SiOa  =  HCl  +  NaO,  SiOa- 
FeaOg  4-  3  NaCl  +  3  SiO^  =  FcaClg  +  3(NaO,  SiOa). 

It  is  worthy  of  remark  that  although  clay  contracts  very  evenly 
by  heat,  when  its  density  is  uniform  throughout,  yet  if  its  density 
be  unequal  in  diflPerent  parts  the  contraction  is  also  unequal ;  hence 
though  a  vessel  may  issue  smooth  and  well  finished  from  the 
workman's  hands,  it  often  assumes  a  striated  and  uneven  appear- 
ance during  the  process  of  firing;  and  if  a  stamp  be  impressed 
upon  clay  while  soft  and  the  whole  surface  be  shaved  away  until  no 
furtlier  impression  is  visible,  the  mark  of  the  stamp,  after  baking, 
reappears  in  a  manner  more  or  less  distinct. 

(574)  Ultramarine. — Alumina  enters  into  the  formation  of  the 
pigment  ultramarine,  so  highly  prized  for  the  purity  and  delicacy 
of  its  blue  colour.  This  valuable  colouring  material  was  formerly 
obtained  exclusively  from  the  lapis  lazuli  by  a  tedious  process, 
which  consisted  in  gently  calcining  the  stone,  broken  into  frag- 
ments of  the  size  of  nuts ;  the  heated  fragments  were  then  quenched 
in  vinegar,  by  which  they  were  rendered  more  friable,  and  were 
deprived  of  adhering  carbonate  of  lime :  they  were  next  subjected 
to  a  patient  levigation  with  a  thin  syrup  of  honey  and  dragon's- 
blood  ;  were  then  made  into  a  paste  with  a  resinous  cement ;  and 
after  allowing  this  to  remain  undisturbed  for  some  days,  the  ultra- 
marine was  extracted  from  it  by  suspension  in  hot  water  and 
subsidence.  Ultramarine  is  now,  however,  manufactured  artifi- 
cially upon  a  large  scale.  The  following,  according  to  M.  Debette, 
are  the  more  important  steps  of  the  process  : — Fine  clay  is  washed, 
in  order  to  free  it  from  sand,  and  the  portions  suspended  in  water 
are  allowed  to  deposit.  A  crude  sulphide  of  sodium  is  prepared 
by  heating,  in  a  reverberatory  furnace,  a  mixture  consisting  of 
3  parts  of  calcined  sulphate  of  soda,  3  of  lime  slaked  by  expo- 
sure to  the  air,  and  i  of  powdered  charcoal.  The  sulphide  of 
sodium  thus  obtained  is  dissolved  in  water,  and  the  excess  of  char- 
coal is  allowed  to  subside;  the  clear  liquor  is  decanted,  (taking 
the  greatest  care  not  to  carry  over  any  particles  of  charcoal,)  and 
is  boiled  with  powdered  sulphur,  so  as  to  form  a  pentasulphide  of 
sodium.  The  liquid  is  next  evaporated  down  to  a  syrupy  consistence 
in  iron  pans  :  50  parts  of  this  sulphide  are  mixed  with  1 2  of  clay 
and  0-15  of  protosulphate  of  iron  free  from  copper;  the  sulphate  is 
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immediately  converted  into  sulphide  of  iron,  and  the  mass  beeomes 
green.  The  mixture  is  then  introduced  into  muffles  and  roasted  for 
several  hours  at  a  carefully  regulated  heat_,  until  it  assumes  a  dark 
blue  colour ;  before  it  reaches  this  point,  it  passes  successively 
through  various  shades  of  brown,  red,  green,  and  ultimately  be- 
comes blue.  The  soluble  salts  are  then  removed  from  the  roasted 
mass  by  washing ;  the  residue  is  dried,  and  submitted  to  a  second 
roasting  at  a  low  temperature,  during  which  operation  it  is  con- 
tinually stirred ;  and  at  length  it  assumes  the  desired  brilliant  blue 
colour. 

Ultramarine  consists  of  silicate  of  alumina  coloured  probably 
by  sulphide  of  sodium,  since,  according  to  Brunner,  a  correspond- 
ing compound,  in  which  sulphide  of  potassium  is  substituted  for 
sulphide  of  sodium,  is  colourless.  The  following  is  the  composition 
of  a  specimen  of  ultramarine  from  lapis  lazuli,  according  to  the 
analysis  of  Varrentrapp,  as  contrasted  with  that  of  an  artificial 
specimen  by  the  same  analyst  (Poggendorff,  Annal.  xlix.  520): — 

Natural.  Artificial. 


Silica 45*50 

Alumina Si'?^ 

Soda        9*09 

Sulphur 0.95 

Lime 3"52 

Sulphuric  acid 5*89 

Iron o*86 

Chlorine O'^i 

Water o"i2 


45*604 
23*304 
21476 

1-685 

0'02I 

3*830 
1-063 

trace 
KO,  1-752 


98-11  98-735 

Ultramarine,  if  heated  in  the  air,  gradually  assumes  a  dull  green 
hue ;  when  heated  with  sulphur,  it  is  not  changed ;  if  melted  with 
borax,  sulphur  and  carbonic  acid  escape,  and  a  colourless  glass 
remains.  Sulphuric,  nitric,  and  hydrochloric  acids  decompose  it ; 
the  colour  is  quickly  destroyed,  and  all  its  constituents  except  silica 
are  dissolved.  Chlorine  acts  still  more  rapidly,  dissolving  every- 
thing but  the  silica,  and  completely  discharging  the  colour. 

(575)  Characters  of  the  Compounds  of  Alumina.  —  The 
salts  of  alumina,  with  the  exception  of  the  chloride,  are  colourless. 
They  have  a  sweetish,  strongly  astringent  taste. 

Before  the  blowpipe  the  compounds  of  aluminum  are  distin- 
guished by  the  formation  of  a  pale  azure  blue  if  moistened  with 
nitrate  of  cobalt  and  gently  ignited. 

In  solution,  they  give  with  hydrosulphate  of  ammonia  a  white 
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precipitate  of  hydrate  of  alumina,  with  evolution  of  sulphuretted 
hydrogen.  Ammonia  produces  a  bulky,  semi-transparent,  gelatinous 
precipitate  of  hydrate  of  alumina;  it  is  insoluble  in  excess  of 
ammonia,  or  its  carbonate.  Potash  dissolves  it  readily;  and  it 
reprecipitates  on  adding  muriate  of  ammonia  in  excess.  The  car- 
donates  of  the  alkalies  produce  the  same  precipitate  under  disen- 
gagement of  carbonic  acid  gas,  but,  according  to  Muspratt,  it 
retains  a  portion  of  carbonic  acid.  Sulphate  of  potash  and  sulphuric 
acid  in  slight  excess  added  to  solutions  of  the  salts  of  alumina,  and 
evaporated,  furnish  well  marked  octohedral  crystals  of  alum. 

The  quantity  of  alumina  in  the  course  of  an  analysis  is  always 
estimated  from  the  precipitate  by  ammonia,  or  its  carbonate  or 
hydrosulphate ;  when  thoroughly  washed  (an  operation  which  from 
its  gelatinous  nature  is  tedious),  and  then  ignited,  it  consists  of 
the  pure  earth  only. 

(576)  Separation  of  Alumina  from  the  Alkalies  and  Alkaline 
Earths. — Supposing  magnesia  to  be  present  in  the  liquid,  solution 
of  chloride  of  ammonium  is  first  added  to  it  unless  it  be  powerfully 
acid ;  on  the  addition  of  caustic  ammonia  in  slight  excess,  pure 
hydrate  of  alumina  precipitates.  Hydrosulphate  of  ammonia 
is  a  still  better  precipitant,  if  the  liquid  have  been  first  nearly 
neutralized  by  ammonia;  the  precipitate  is  extremely  volumi- 
nous, and  requires  persevering  washing.  On  ignition  it  yields 
pure  alumina.  The  alkalies  and  alkaline  earths  remain  in  the 
solution  which  has  been  filtered  from  the  alumina,  and  their 
amount  may  be   determined   by   the    methods   already    detailed, 

{555^  ^t  ^^Q-) 


§  II.  Glucinum. 
Symbol,  Gl;  Equivalent,  6-g'j  ;  Specific  Gravity,  2*i. 

(577)  Glucinum  is  extracted  from  the  emerald,  or  the  beryl, 
which  consist  chiefly  of  silicate  of  alumina  and  glucina  (GlgOg, 
3  Si02  +  Al203,  3  SiOg).  The  metal  is  procured  from  its  chloride 
in  the  same  way  as  aluminum. 

Glucinum,  according  to  the  experiments  of  Debray  [Ann.  de 
Chimie,  III.  xliv.  5),  is  a  white  malleable  metal,  of  sp.  gr.  2'i, 
fusible  below  the  melting  point  of  silver.  It  does  not  burn  in  air, 
oxygen,  or  the  vapour  of  sulphur,  but  it  combines  readily  with 
chlorine  and  iodine,  and  also  with  silicon.  The  vapour  of  water  is 
not  decomposed  by  it,  even  when  the  metal  is  heated  to  full  red- 
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ness  and  exposed  to  it.  Gluciimm  is  readily  dissolved  by  dilute 
hydrocliloric  and  sulphuric  acids ;  dilute  or  concentrated  nitric 
acid  acts  but  feebly  upon  it.  It  is^  however^  readily  dissolved  by 
potash,  but  is  not  acted  upon  by  ammonia.  Glucinum  forms  but 
one  oxide  j  there  is  some  doubt  whether  this  should  be  regarded  as 
a  protoxide,  or  as  a  sesquioxide.  Berzelius  adopted  the  latter 
view_,  but  later  researches  seem  to  throw  considerable  doubt  upon 
the  correctness  of  this  hypothesis. 

(578)  Glucina  (GI2O3),  Eq.  38,  Sp.  Gr.  2'g6,  is  extracted  from 
the  beryl_,  of  which  it  constitutes  13*6  percent.  :  the  mineral  is  re- 
duced to  a  very  fine  powder,  fused  with  carbonate  of  potash,  treated 
with  hydrochloric  acid,  evaporated  to  dryness,  again  moistened 
with  acid  and  heated  with  water,  which  dissolves  everything  except 
the  silica ;  the  filtered  liquid  is  mixed  with  an  excess  of  a  solu- 
tion of  ammonia,  which  occasions  a  voluminous  precipitate  contain- 
ing both  alumina  and  glucina;  this  precipitate  is  well  washed, 
and  the  glucina  is  dissolved  out  from  the  alumina  by  digesting 
the  mass  in  a  solution  of  carbonate  of  ammonia.  It  is  again 
filtered,  and  npon  boiling  the  clear  liquid,  carbonate  of  glucina 
is  deposited  as  a  white  powder,  which,  when  ignited,  leaves  pure 
glucina.  Freshly  precipitated  glucina  forms  with  water  a  somewhat 
tenacious  mass,  but  it  does  not  harden  like  alumina  when  ignited. 
The  fixed  and  carbonated  alkalies  dissolve  it  readily.  The  hydrate 
is  a  bulky,  white,  gelatinous  mass,  w  hich  absorbs  carbonic  acid  from 
the  air.  The  chloride  (GI2CI3),  eq.  120*5,  is  prepared  in  the  same 
Avay  as  the  chloride  of  aluminum  ;  it  sublimes  in  white,  brilliant, 
fusible  needles,  which  are  very  deliquescent ;  an  acid  chloride  may 
be  obtained  in  crystals.  Glucina  combines  with  sulphuric  acid  in 
several  proportions:  one  of  these  sulphates  (GI2O3,  3  SO3  12  aq) 
crystallizes  in  octohedra :  the  other  sulphates  are  amorphous 
sub-s^lts.  An  aluminate  of  glucina  occurs  native  in  the  gem 
chrysoberyl,  GI2O3  3  AI2O3. 

(579)  Characters  of  the  Salts  of  Glucina. — The  salts  of  glucina 
have  a  sweet  taste,  (whence  the  name  glucina  was  derived,  from 
yXvKvg,  sweet,)  with  a  slight  astringency.  They  are  colourless,  and 
are  distinguished  from  those  of  alumina  by  not  yielding  an  alum 
with  sulphate  of  potash ;  nor  a  blue  when  heated  before  the  blow- 
pipe with  nitrate  of  cobalt ;  and  by  giving  with  carbonate  of 
ammonia  a  white  precipitate  of  carbonate  of  glucina,  easily  soluble 
in  excess  of  the  alkaline  salt.  Ferrocyanide  of  potassium  gives  no 
precipitate  :  a  white  precipitate  of  hydrate  of  glucina  is  produced  by 
sulphide  of  potassium,  Avith  extrication  of  sulphuretted  hydrogen. 
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If  a  hot  solution  of  fluoride  of  potassium  in  excess  be  added  to  a 
hot  solution  of  a  glucina  salt,  scales  of  a  sparingly  soluble  double 
fluoride  of  glucinum  and  potassium  are  formed.  Glucina  is  always 
estimated  in  the  form  of  the  anhydrous  earth. 


§  III.  Zirconium. 
Symbol,  Zr;  Equivalent,  33*58. 

(580)  Zirconium  is  the  metallic  base  of  an  earth  contained  in 
the  zircon  and  the  hyacinth,  which  are  silicates  of  the  earth.  The 
metal  is  procured  by  heating  the  fluoride  of  potassium  and  zirco- 
nium with  potassium,  and  dissolving  the  residue  when  cold  in 
dilute  hydrochloric  acid ;  the  zirconium  may  be  separated  in  a  pul- 
verulent form,  washed  with  solution  of  chloride  of  ammonium,  and 
then  with  alcohol ;  if  water  be  used  for  the  washing,  the  zirco- 
nium passes  through  the  filter  with  it  in  suspension.  As  thus  ob- 
tained it  is  in  the  form  of  a  black  powder,  which  does  not  conduct 
a  feeble  voltaic  current ;  under  the  burnisher  it  assumes  a  feeble 
metallic  lustre.  It  has  not  been  fused :  when  heated  in  the  air 
or  oxygen  it  takes  fire  below  redness  and  burns  brilliantly,  form- 
ing zirconia  of  snowy  whiteness :  dilute  sulphuric  and  hydro- 
chloric acids  do  not  act  on  it.  Hydrofluoric  acid  dissolves  it  with 
extrication  of  hydrogen ;  boiling  water  gradually  oxidizes  it : 
heated  with  sulphur  in  vacuo  it  forms  a  brown  pulverulent 
sulphide  which  is  not  decomposed  by  sulphuric  or  hydrochloric 
acids,  and  is  but  slowly  attacked  by  aqua  regia. 

(581)  Zirconia  [Zr^f).^-,  Eq.  91.  —  Zirconium  forms  but  one 
oxide,  which  is  commonly  regarded  as  the  sesquioxide.  It  is 
obtained  by  fusing  very  finely  powdered  zircon  with  hydrate  of 
potash  or  soda,  and  saturating  with  hydrochloric  acid.  The  excess 
of  acid  and  moisture  is  expelled  by  evaporating  nearly  to  dryness ; 
on  the  addition  of  water  chloride  of  zirconium  dissolves,  leaving 
the  silica;  the  solution  is  decomposed  by  excess  of  ammonia. 
Hydrate  of  zirconia  precipitates,  and  is  washed  and  ignited.  Upon 
applying  heat,  it  glows  brightly  just  before  ignition,  and  becomes 
mnch  denser.  Zirconia  forms  a  white  infusible  powder,  of  sp.  gr. 
4*3,  which,  after  ignition,  is  insoluble  in  acids,  with  the  exception  of 
strong  sulphuric  acid.  The  hydrate  is  a  gelatinous  bulky  white 
precipitate,  very  sparingly  soluble  in  carbonate  of  ammonia.  It  is 
insoluble  in  the  caustic  alkalies.  If  the  salts  of  zirconia  be  pre- 
cipitated by  an  alkaline  carbonate,  the  precipitate  redissolves   if 
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agitated  with  excess  of  the  alkali  ;  a  bicarbonate  takes  up  still 
more_,  and  by  boiling  the  solution  a  portion  of  the  earth  is  deposited. 
If  a  solution  of  sulphate  of  potash  be  boiled  with  sulphate  of  zirconia, 
a  characteristic  decomposition  occurs,  and  the  subsulphate  of  zirconia 
falls,  whilst  bisulphate  of  potash  remains  dissolved.  The  cJdoride  of 
zirconium  crystallizes  in  needles.  It  is  soluble  in  water  and  in 
alcohol  j  the  crystals  effloresce  in  the  air,  and  lose  w  ater  and  hydro- 
chloric acid,  leaving  an  oxy chloride,  which  is  soluble.  Zirconia  is 
distinguished  from  alumina  and  glucina  by  its  insolubility  in  the 
caustic  alkalies.  Its  salts  have  a  purely  astringent  taste ;  when 
boiled  with  the  sulphate  of  potash,  a  sparingly  soluble  subsulphate 
of  the  earth  is  formed.  Tincture  of  galls  gives  a  yellow  precipi- 
tate in  their  solutions;  ferrocyanide  of  potassium  none. 

It  appears  possible  from  the  experiments  of  Svanberg,  that 
zirconia  is  not  a  pure  earthy  but  that  it  is  a  mixture  of  three. 

§  IV.  ThortnuMj  Yttrium,  Erbium,  Terbium. 

(582)  Thorinum  [Eq.  39*5)^  is  procured  from  the  rare  black 
mineral  thorite,  found  in  a  syenitic  rock,  in  Norway.  This  metal, 
like  aluminum,  is  obtained  from  its  chloride.  It  much  resembles 
aluminum,  but  takes  fire  considerably  below  redness,  and  burns  Avith 
great  brilliancy;  the  resulting  oxide  shows  no  traces  of  fusion. 
Thorina  is  considered  to  be  a  protoxide,  and  is  remarkable  for  its  high 
sp.  gr.  (9*402.)  It  is  insoluble  in  the  caustic  alkalies,  but  dissolves 
without  difficulty  in  their  carbonates.  Its  salts  are  astringent, 
and  give  a  white  precipitate  with  ferrocyanide  of  potassium.  It 
forms  with  sulphate  of  potash  a  double  sulphate  of  potash  and 
thorina,  which  is  soluble  in  water,  but  is  precipitated  by  a  saturated 
solution  of  sulphate  of  potash.  The  sulphate  of  thorina  exhibits 
the  characteristic  peculiarity  of  being  precipitated  by  boiling  its 
solution,  but  it  dissolves  slowly  on  cooling.  Its  crystals,  when 
heated,  become  milk  white  without  altering  in  form,  like  those  of 
sulphate  of  yttria.  Oxalic  acid  gives  with  salts  of  thorina,  even 
in  acid  solutions,  a  white  insoluble  oxalate  of  the  earth. 

(583)  Yttrium  is  obtained  by  a  method  similar  to  that  em- 
ployed for  aluminum  and  glucinum.  This  metal  is  not  oxidized 
when  heated  to  redness  either  in  air  or  in  aqueous  vapour ;  in 
oxygen  it  burns  with  superb  scintillations;  dilute  acids  and 
alkalies  slowly  dissolve  it. 

Yttria  is  a  very  rare  earth,  found  in  gadolinite,  which  is  a 
silicate  of  yttria,  glucina,  cerium,  and  iron ;   it  occurs  also  in  yttro- 
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tantalite  combined  with  colurabium,  and  in  one  or  two  other  very- 
rare  minerals.  It  is  considered  to  be  a  protoxide,  and  forms  a 
white  earthy  powder  of  sp.  gr.  4*842 ;  it  is  insoluble  in  the  caustic 
alkalies,  but  the  alkaline  carbonates,  especially  that  of  ammonia, 
dissolve  it. 

Its  salts  have  a  sweetish  astringent  taste,  and  yield  a  white 
precipitate  with  ferrocyanide  of  potassium.  Its  most  characteristic 
salt  is  the  sulphate,  which  forms  pink  crystals,  which  lose  water  at 
104°,  and  become  milk  white,  without  change  of  form;  on  being 
put  into  water  they  do  not  resume  their  transparency. 

Mosander  states  that  three  bases  have  been  confounded  under 
the  name  of  yttria;  to  the  more  abundant  of  these  he  gives 
the  name  of  yttria;  the  other  tvvo  he  distinguishes  as  erbia  and 
terbia.  The  oxide  of  erbium  has  a  yellowish  tint,  but  its  salts  are 
colourless ;  the  salts  of  terbium  have  a  pale  rose  colour. 

§  V.  Cerium,  Lantanium,  and  Didymium. 

(584)  Closely  allied  to  the  metals  of  the  earths  of  which  a 
brief  mention  has  just  been  made,  are  three  other  metals,  the 
oxides  of  which,  being  more  or  less  coloured,  have  not  generally 
been  considered  as  belonging  to  the  earths  proper.  They  need  no 
lengthened  description,  as  they  have  hitherto  been  found  only  in  a 
few  rare  minerals,  of  which  cerite,  a  hydrated  subsilicate  of  cerium, 
is  the  most  common.  Till  recently  they  were  all  confounded 
together  under  the  name  cerium. 

Cerium  appears  to  form  two  oxides — a  protoxide,  and  a  sesqui- 
oxide,  both  of  which  yield  salts  with  acids.  The  best  known  of 
these  is  the  double  sulphate  of  protoxide  of  cerium  and  potash, 
which  is  insoluble  in  sulphate  of  potash.  The  sesquioxide  has  a 
yellowish  tinge,  and  its  salts  are  yellow  or  red. 

Lantanium  forms  only  one  oxide,  which  is  buff-coloured,  and 
freely  soluble  in  dilute  nitric  acid.  It  forms  colourless  astringent 
salts,  which  give  a  Avhite  precipitate  with  the  soluble  oxalates. 

Didymium  also  furnishes  but  a  single  oxide,  which  is  of  a  dark 
brown  colour,  when  anhydrous;  in  the  hydrated  state  it  absorbs 
carbonic  acid  from  the  air.  Its  salts  are  pink  or  violet-coloured, 
and  are  not  precipitated  in  the  cold  by  sulphide  of  ammonium. 
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CHAPTER  XIV. 

GROUP    IV. METALS    MORE    OR    LESS    ALLIED    TO    IRON. 

§  I.  Zinc. 
Symbol,  Zn;  Equivalent,  33'52;  Specific  Gravity,  6*8  to  7"i. 

(585)  Zinc,  or  spelter,  as  it  is  often  called  in  commerce,  is  a 
metal,  the  ores  of  wliich  occur  in  considerable  abundance,  though 
it  is  never  met  with  in  the  native  state.  Much  of  the  zinc  of 
commerce  is  supplied  from  Silesia,  where  the  ore  wrought  is  cala- 
mine; the  common  or  rhomboidal  calamine,  a  carbonate  of  zinc,  is 
the  most  important  variety,  though  the  prismatic  or  electric  cala- 
mine, a  hydrated  subsiUcate  of  zinc,  is  found  often  in  the  Carin- 
thian  ores :  it  is  much  more  difficult  of  reduction.  Carbonate  of 
zinc  is  also  extensively  worked  in  Belgium,  where  it  is  found  mixed 
with  clay.  In  the  Mendip  Hills,  in  Somersetshire,  the  carbonate 
of  zinc  is  associated  with  magnesian  limestone.  Blende,  or  sul- 
phide of  zinc,  is  worked  in  England  to  some  extent ;  it  usually  ac- 
companies the  sulphide  of  lead  or  galena  in  the  mountain  limestone. 
In  New  Jersey  red  oocide  of  zinc  has  been  found  in  large  quantities 
both  massive  and  crystallized;  the  colour  is  due  to  admixture 
with  oxides  of  manganese  and  iron.  It  forms  a  valuable  ore, 
and  is  easily  reduced. 

(586)  Extraction  of  Zinc  from  its  Ores. — In  the  extraction  of 
zinc,  whether  from  blende  or  from  calamine,  the  ore  is  crushed 
between  rollers,  and  undergoes  a  process  of  roasting,  which  in 
the  case  of  blende  is  tedious  and  requires  to  be  carefully  performed; 
the  sulphur  burns  away  as  sulphurous  acid,  and  the  zinc  becomes 
oxidized ;  ZnS  +  3  O  yield  ZnO  +  SOg.  Calamine  also  yields  oxide 
of  zinc  when  roasted,  whilst  the  carbonic  acid  and  water  are  ex- 
pelled. The  roasted  ore  from  either  source  is  mixed  with  half 
its  weight  of  powdered  coke  or  anthracite,  and  introduced  into 
crucibles  of  peculiar  construction.  The  method  of  reduction 
practised  in  England  offers  one  of  the  few  instances  in  which  dis- 
tillation, per  descensum,  is  still  practised : — a  circular  furnace, 
somewhat  similar  to  that  used  in  making  glass,  is  employed :  in 
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this  furnace  six  large  crucibles,  (three  of  which  are  represented  in 
the  section  at  a  a  a,  fig.  302,)  each  4  feet  high  and  2^  feet  in 
diameter,  are  arranged,  three  on  each  side  of  the  firebars ;  one  of 
these  crucibles  is  shown  in  section  in  the  figure.  In  the  bottom 
of  each  crucible  is  an  opening,  to  which  a  short  iron  pipe  is 
attached,  which  passes  out  through  the  bottom  of  the  furnace ;  to 
this  iron  tube  a  second  wider  tube,  b,  about  eight  feet  long,  is 
fastened  in  such  a  manner  as  to  be  readily  removable ;  beneath 
the  open  end  of  this  tube  a  sheet-iron  vessel,  c,  is  placed  to  receive 
the  zinc.    The  bottom 

of  the  crucible  is  then  ^^^'  3^2. 

loosely  plugged  with 
large  pieces  of  coke, 
and  a  charge  contain- 
ing from  four  to  five 
hundred  weight  of  the 
mixture  of  calcined  ore 
and  coal  is  introduced 
into  each  pot  and  the 
cover  is  carefully  luted 
on.  Carbonic  oxide 
is  first  evolved  abun- 
dantly, and  bums  w  ith 
a  blue  flame  at  the 
mouth  of  the  short 
iron  tube;  in  a  few 
houi^  the  colour  of 
the  flame  changes  to 
white,  and  it  begins  to 
deposit  white  fumes 
of  oxide  of  zinc.  The 
flame  is  then  extin- 
guished by  attaching 
the  longer  tube,    and 

the  metal,  which  is  condensed  partly  in  powder,  partly  in  stalactitic 
masses,  falls  down  into  the  iron  vessels,  c  c,  placed  for  its  reception. 
The  zinc,  being  volatile  at  very  high  temperatures,  boils  and  distils 
as  the  operation  proceeds.  In  order  to  prevent  the  pipe,  b,  from 
becoming  choked,  it  is  occasionally  removed,  and  the  zinc  detached 
from  it.  The  crude  metal  is  mingled  with  a  good  deal  of  oxide ; 
it  is  therefore  re-melted,  skimmed,  and  cast  into  ingots;  or  (if 
intended  for  rolling)  into  sheets,  and  then  laminated  at  a  tempera- 
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Fig.  303. 


ture  of  about  250°.  Calamine,  which  contains  60  per  cent,  of 
metal,  does  not  yield  on  an  average  above  30 ;  the  greater  part  of 
the  silicate  of  zinc,  which  calamine  almost  always  contains,  escap- 
ing decomposition. 

(587)  In  Silesia  the  distillation  is  eifected  in  muffle-shaped 
earthen  retorts,  which  are  ranged  in  two  rows  on  the  same  plane 
in  a  long  furnace,  back  to  back  :  the  outer  end  of  each  retort  is 
provided  with  two  apertures ;  the  lower  one  is  employed  for  intro- 
ducing the  charge,  and  is  afterwards  carefully  luted  np,  whilst  the 
upper  one  is  for  receiving  a  bent  earthen  pipe  which  carries  off  the 
metal  as  it  distils. 

(588)  In  Belgium  the  distillation  is  managed  quite  differently. 
The  ores  treated  in  that  country  are  of  two  kinds,  both  occurring 
in  a  matrix  of  clay  above  a  bed  of  dolomite ;  one  is  a  red  variety, 
containing  about  33  per  cent,  of  zinc,  with  a  good  deal  of  oxide  of 

iron,  but  admitting  of  reduction  at  a 
moderate  temperature ;  the  other  is  a 
white  ore,  also  a  calamine,  which  con- 
tains about  46  per  cent,  of  zinc,  and 
requires  a  much  higher  temperature 
for  its  reduction.  These  two  species  of 
ore  are  kept  distinct  from  each  other 
during  the  process  of  smelting.  The 
calamine  having  been  washed  to  remove 
the  clay,  is  roasted,  during  which  opera- 
tion it  loses  about  25  per  cent,  of  water 
and  carbonic  acid.  After  this  it  is  re- 
duced to  a  fine  powder,  and  thoroughly 
mixed  with  half  its  weight  of  coal  dust : 
this  mixture  is  then  introduced  into 
clay  retorts  about  three  feet  eight  inches 
long  and  six  inches  in  diameter ;  each 
retort  is  charged  with  about  forty 
pounds  of  the  mixture  of  coal  and 
roasted  ore.  Forty-two  of  these  retorts 
are  arranged  in  an  arched  furnace,  in 
rows  of  six,  placed  one  above  another. 
The  backs  of  the  retorts  rest  on  notches 
in  the  wall,  e,  fig.  303,  and  are  sup- 
ported on  a  slightly  higher  level  than 
the  open  extremities,  which  rest  in  front 
upon  iron  plates,  /  /  /.     To  each  re- 
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tort  an  open,  somewhat  conical,  cast-iron  pipe,  c,  is  luted ;  this  serves 
as  a  receiver  for  the  distilled  metal,  and  upon  each  of  these  receivers 
is  fitted  a  second  receiver  of  sheet-iron,  d,  with  an  opening  at  the 
extremity  for  the  escape  of  gas.  The  fire  by  which  the  retorts  are 
heated  is  shown  at  a.  In  such  a  furnace  two  charges  may  be  worked 
off  in  twenty-four  hours.  During  the  operation  the  small  adapters, 
D,  D,  are  withdrawn  once  in  two  hours,  and  the  liquid  zinc  which  has 
condensed  in  the  receivers  is  raked  out  into  a  large  ladle  and  cast 
into  ingots.  When  the  distillation  is  complete,  the  residues  in 
the  retorts  still  retain  nearly  25  per  cent,  of  zinc,  which  is  chiefly 
in  the  form  of  silicate  of  the  oxide ;  this  portion  is  entirely  wasted. 
(Plot  and  Muxailhej  Ann.  des  Mines,  IV.  v.,  165.) 

The  retorts  in  the  upper  part  of  such  a  furnace  necessarily 
receive  less  heat  than  those  in  the  lower  part,  and  hence  this  pro- 
cess is  particularly  well  adapted  to  the  Belgian  ores,  because  the 
poorer  ones,  which  require  less  heat,  can  be  employed  in  charging 
the  upper  retorts. 

(589)  Commercial  zinc  contains  a  small  quantity  of  lead,  iron,  and 
of  a  peculiar  carbonaceous  matter.  The  best  method  of  obtaining 
the  metal  in  a  state  of  purity  consists  in  transmitting  sulphuretted 
hydrogen  through  a  slightly  acidulated  solution  of  sulphate  of  zinc, 
filtering  from  any  precipitate  which  may  be  formed ;  and  after  boil- 
ing the  solution  in  order  to  expel  the  sulphuretted  hydrogen,  preci- 
pitating the  zinc  in  the  form  of  carbonate  by  the  addition  of 
carbonate  of  soda.  The  carbonate,  when  ignited,  is  converted  into 
oxide  of  zinc,  which  must  be  distilled  in  a  porcelain  retort  with 
charcoal  prepared  from  loaf  sugar. 

(590)  Properties. — Zinc  is  a  hard,  bluish- white  metal,  which 
•when  a  mass  of  it  is  broken  across  exhibits  a  beautiful  crystalline 
fracture.  It  is  brittle  at  ordinary  temperatures,  but  between  200° 
and  300°,  it  is  possessed  of  considerable  ductility  and  malleability, 
and  may  be  laminated  and  wrought  with  ease :  at  a  temperature  a 
little  higher  than  this  it  again  becomes  so  brittle  that  it  may  be 
pulverized  in  a  mortar.  It  fuses  at  773°,  and  at  a  bright  red  heat 
it  may  be  volatilized  :  if  its  vapour  be  exposed  to  the  air,  it  burns 
with  great  splendour  and  is  converted  into  oxide,  which  is  deposited 
in  copious  white  flocculi.  It  soon  tarnishes  when  exposed  to 
a  moist  atmosphere,  and  becomes  covered  with  a  thin,  closely- 
adhering  film  of  oxide,  by  which  the  metal  beneath  is  protected 
from  further  change.  This  property  renders  zinc  valuable  for 
a  variety  of  economical  and  domestic  purposes.  It  is,  however, 
readily  attacked  by  aU  the    mineral    acids,    and  is  employed  to 
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decompose  dilute  sulphuric  acid  when  hydrogen  is  required. 
Boiling  solutions  of  potash  also  act  upon  zinc,  hydrogen  is  libe- 
rated, whilst  oxide  of  zinc  is  formed  and  dissolved  in  the  alkaline 
solution;  Zn  +  HO,KO  =  H  +  ZnO,  KO. 

(591)  The  uses  of  zinc  are  daily  extending.  From  its  dura- 
bility, cheapness,  and  lightness,  it  is  frequently  employed  as  a 
substitute  for  lead  in  roofing.  Sheet-iron  coated  with  zinc,  or  gaU 
vanized  iron  as  it  is  often  called,  is  also  used  for  the  same  pur- 
poses ;  the  iron  gives  strength,  whilst  the  zinc  protects  it  from 
oxidation,  and  it  is  not  combustible  like  zinc  alone. 

Galvanized  iron  is  prepared  by  cleaning  sheet-iron  thoroughly 
as  in  making  tin  plate  (675),  and  plunging  the  metal  into  a 
bath  of  molten  zinc,  covered  with  sal  ammoniac;  the  surface 
of  the  zinc  is  by  this  means  kept  free  from  oxide,  which  is  dis- 
solved by  the  sal  ammoniac,  and  the  two  metals  readily  unite.  A 
tougher  and  superior  article  is  obtained  by  first  coating  the  iron 
plate  with  a  very  thin  film  of  tin  by  a  voltaic  action,  and  then 
immersing  the  metal  into  the  melted  zinc. 

Zinc  has  a  considerable  power  of  dissolving  iron,  in  consequence 
of  which  it  corrodes  the  iron  pots  in  which  it  is  melted  :  an  alloy  of 
zinc  with  a  small  proportion  of  iron  is  formed,  which  is  less  fusible 
than  zinc,  and  crystallizes  in  large  plates  on  cooling. 

Zinc  forms  several  valuable  alloys.  Of  these  brass  is  the  most 
important  :  it  consists  of  about  2  parts  of  copper  to  i  of  zinc. 
German  silver  is  brass  containing  a  portion  of  nickel,  to  which 
its  white  colour  is  due.  Of  late  years  zinc  in  powder  has  been 
employed  as  the  basis  of  a  pigment  well  adapted  to  resist  the  action 
of  the  weather.  The  oxide  of  zinc,  under  the  name  of  zinc  ivhite, 
has  also  been  employed  as  a  substitute  for  white  lead,  to  form  the 
basis  of  a  white  paint ;  but  it  wants  the  opacity  and  dead  whiteness 
for  which  the  carbonate  of  lead  is  so  much  valued.  Oxide  of  zinc 
has  likewise  been  substituted  for  red  lead  with  great  advantage  in 
the  preparation  of  glass  for  optical  purposes  (499). 

(592)  Oxide  of  Zinc  (ZnO) ;  Eq.  40*5. — Zinc  forms  only  one 
compound  with  oxygen,  which  is  regarded  as  a  protoxide.  This 
oxide  is  occasionally  deposited  in  furnace  flues  in  yellowish,  six- 
sided  prisms ;  but  it  is  generally  obtained  in  the  form  of  a  white 
flocculent  powder.  If  zinc  be  thrown  in  small  quantities  at  a  time 
into  a  capacious  clay  crucible  previously  heated  to  whiteness,  it  burns 
with  a  brilliant  flame  and  deposits  large  white  flakes  of  the  oxide ; 
but  when  thus  prepared,  it  is  mechanically  mixed  with  particles  of 
the  metal,  from  which  it  may  be  separated  by  levigation  with  water ; 
the  heavier  metallic  portions  quickly  subside   and   leave  the  oxide 
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in  suspension.  The  process  of  manufacturing  this  oxide  when  it 
is  required  as  a  pigment^  consists  in  distilling  zinc  from  clay  retorts 
into  chambers  through  which  a  current  of  air  is  maintained.  The 
volatilized  metal  burns  at  the  high  temperature  to  which  it  is  ex- 
posed under  these  circumstances,  and  the  oxide  is  deposited  in  a 
series  of  condensing  chambers.  An  impure  oxide,  sold  under  the 
name  of  tuttyy  is  obtained  from  the  flues  of  furnaces  in  which  brass 
is  melted. 

Oxide  of  zinc  becomes  yellow  when  heated,  but  recovers  its 
whiteness  as  the  temperature  falls.  The  hydrated  oxide  is  preci- 
pitated from  the  solutions  of  the  salts  of  zinc  by  the  addition  of 
potash  or  soda ;  it  is  redissolved  by  an  excess  of  the  alkaline  liquid. 

(593)  Sulphide  of  Zinc ;  Blende  (ZnS)  ;  Eq.  48*5;  Sp.  Gr,  4*1. 
— This  compound  is  one  of  the  most  abundant  minerals  of  zinc  : 
when  pure  it  is  of  a  pale  brown  colour,  but  generally  it  is  nearly 
black  from  admixture  with  sulphide  of  iron.  It  usually  crystal- 
lizes in  rhombic  dodecahedra,  but  it  occurs  in  other  forms  of  the 
regular  system.  Metallic  zinc  does  not  readily  unite  with  sulphur : 
but  if  rapidly  heated  in  mixture  with  cinnabar,  (or  sulphide  of 
mercury,)  the  mercury  is  volatilized  and  sulphide  of  zinc  is  formed 
with  almost  explosive  violence.  Sulphide  of  zinc  does  not  fuse 
when  heated  :  when  roasted  in  the  air  it  absorbs  oxygen ;  at  a 
low  temperature  a  large  portion  of  it  is  converted  into  sulphate  of 
zinc,  but  at  a  higher  temperature  sulphurous  acid  is  formed,  and 
oxide  of  zinc  is  left.  Nitric  acid  and  aqua  regia  dissolve  it  readily. 
When  the  salts  of  zinc  are  mixed  with  hydrosulphate  of  ammonia, 
a  white,  gelatinous,  hydrated  sulphide  of  zinc  is  precipitated, 
which  absorbs  oxygen  quickly  from  air,  and  is  readily  dissolved  by 
acids. 

(594)  Chloride  of  Zinc  (ZnCl) ;  Eq.  68. — This  salt  is  obtained 
by  dissolving  the  metal  in  hydrochloric  acid ;  the  acid  is  decom- 
posed, its  chlorine  unites  with  the  zinc,  whilst  its  hydrogen  escapes 
in  the  gaseous  form  :  the  chloride  of  zinc  dissolves.  When  this 
solution  is  heated  it  loses  water  till  the  temperature  rises  to  480°; 
it  then  becomes  anhydrous,  but  remains  fluid,  and  may  be  heated 
above  700°  F.  without  emitting  an  inconvenient  amount  of  fumes ; 
hence  it  is  frequently  employed  as  a  hot-bath  for  maintaining 
objects  at  a  high  but  measurable  and  regulated  temperature.  At 
a  red  heat  it  distils.  Pure  chloride  of  zinc  is  a  white,  very  deli- 
quescent substance,  fusible  at  about  2 1 2°;  it  is  powerfully  corrosive 
when  applied  to  the  skin.      It  is  soluble  in  alcohol. 

Chloride  of  zinc  absorbs  ammoniacal  gas  freely.  Several  oxy- 
chlorides  of  zinc  may  be  formed.     Chloride  of  zinc  forms  double 
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salts  with  the  chlorides  of  the  alkaline  metals ;  a  concentrated 
solution  of  the  double  chloride  of  zinc  and  ammonium  (H4NCI  + 
ZnCl)  is  used  for  the  purpose  of  removing  the  film  of  oxide  from 
the  surface  of  metals_,  such  as  zinc,  iron_,  or  copper,  which  are  to 
be  united  by  the  operation  of  soldering. 

(595)  Sulphate  of  Zinc  (ZnO,  SO3,  7  aq,  Eq.  80*5  +  6^, 
Sp.  Gr.,  anhydrous,  3*681,  crystallized^  i'93i);  is  obtained  in  large 
quantities  as  a  residue  in  the  ordinary  process  of  procuring  hydro- 
gen by  the  action  of  dilute  sulphuric  acid.  It  may  also  be  pre- 
pared by  roasting  sulphide  of  zinc  at  a  low  temperature,  lixiviating 
the  mass  and  crystallizing.  It  crystallizes  in  colourless,  four-sided 
prisms,  which  constitute  the  white  vitriol  of  commerce.  In  a  dry 
air  it  is  efflorescent ;  it  dissolves  in  two  parts  and  a  half  of  water 
at  60°,  and  melts  in  its  own  water  of  crystallization  when  heated* 
Sulphate  of  zinc  is  used  medicinally  in  small  doses;  it  is  also 
prepared  largely  for  the  calico  printer. 

(596)  Carbonate  of  Zinc  (ZnO,  CO2,  Eq.  62*5,  Sp.  Gr.  4*4),  is 
found  native  in  various  forms,  usually  of  a  greyish  or  yellowish 
colour,  forming  one  variety  of  calamine,  which  is  so  named  from 
its  property  of  adhering,  after  fusion,  in  the  form  of  reeds,  to  the 
base  of  the  furnace.  No  neutral  carbonate  of  zinc  can  be  obtained 
from  its  salts  by  double  decomposition.  When  a  hot  solution  of  a 
salt  of  zinc  is  precipitated  by  a  boiling  solution  of  an  alkaline  car- 
bonate, a  hydrated  oxy carbonate  is  formed,  consisting  of  (8  ZnO, 
3  CO2  +  6  aq  Schindler).  Several  other  basic  carbonates  of  zinc 
may  be  formed. 

The  other  variety  of  calamine  becomes  electric  by  heat ;  it  is  a 
hydrated  subsilicate ;   (2  ZnO,  SiOg  +  aq). 

(597)  Characters  of  the  Salts  of  Zinc. — The  salts  of  zinc 
are  colourless ;  their  solutions  have  a  styptic,  metallic  taste,  and 
act  rapidly  and  powerfully  as  emetics. 

They  are  distinguished  by  giving  no  precipitate  in  acid  solu- 
tions with  sulphuretted  hydrogen ;  a  white  sulphide  of  zinc  with 
hydrosulphate  of  ammonia ;  a  white  hydrated  oxide  with  potash, 
soda,  or  ammonia,  soluble  in  excess  of  the  alkali ;  a  white,  basic  car- 
bonate of  zinc  with  the  alkaline  carbonates;  and  a  white  pre- 
cipitate y^'\\h.  f err 0 cyanide  of  potassium. 

Before  the  blowpipe,  in  the  reducing  flame  on  charcoal,  the 
metal  is  reduced  and  volatilized,  burning  into  white  fumes  of 
oxide  of  zinc.  If  placed  on  charcoal  and  moistened  with  solution 
of  nitrate  of  cobalt  the  compounds  of  zinc  when  heated  leave 
a  green,  unfused  residue. 
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(598)  Estimation  of  Zinc  in  analysis.  —  Zinc  is  best  precipi- 
tated for  analysis  by  carbonate  of  potash,  the  whole  solution  being 
evaporated  down  to  dryness;  the  residue,  which  contains  the  car- 
bonate of  zinc,  is  washed  with  boiling  water,  dried,  and  converted 
by  ignition  into  oxide  of  zinc,  which  is  weighed.  The  oxide  contains, 
in  100  parts,  80-26  of  zinc  and  1974  of  oxygen.  If  ammoniacal 
salts  be  present,  a  sufficient  excess  of  the  carbonate  of  potash 
should  be  used  completely  to  decompose  the  salts  of  ammonia,  the 
ammonia  being  wholly  expelled  as  carbonate  of  ammonia  during  the 
process  of  evaporation.  The  foregoing  process  is  not  applicable  to 
the  separation  of  zinc  from  any  but  the  alkaline  bases. 

(599)  Separation  of  Zinc  from  the  Alkalies  and  Alkaline 
Earths. — This  may  be  effected  by  the  addition  of  hydrosulphate 
of  ammonia  to  the  solution  after  it  has  been  neutralized  by  am- 
monia ;  the  zinc  is  thus  precipitated  as  sulphide ;  it  must  be 
washed  with  a  solution  of  sulphuretted  hydrogen  to  prevent  its 
oxidation,  then  redissolved  in  hydrochloric  acid  and  evaporated  to 
dryness  with  excess  of  carbonate  of  soda  :  the  soluble  salts  must  be 
washed  from  the  carbonate  of  zinc,  which  is  to  be  converted  into 
oxide  by  ignition,  and  then  weighed. 

The  separation  of  Zinc  from  Alumina  and  Glucina  may  be 
effected  by  dissolving  all  the  bases  by  means  of  an  excess  of  caustic 
potash,  and  adding  hydrosulphate  of  ammonia;  in  this  case  sul- 
phide of  zinc  is  alone  precipitated ;  it  may  be  collected  and  its 
amount  determined  in  the  manner  just  described. 

§  II.  Cadmium. 
Symbol,  Cd ;  Equivalent,  5674;  Specific  Gravity,  8-5. 

(600)  Cadmium  is  occasionally  found  as  sulphide  of  cadmium, 
accompanying  zinc  in  its  ores,  and  is  obtained  as  an  accidental 
product  during  the  extraction  of  the  latter  metal.  Being  more 
volatile  than  zinc,  the  greater  part  of  the  cadmium  sublimes  among 
the  first  portions  of  the  distilled  metal,  from  which  it  may  be  ex- 
tracted by  dissolving  them  in  sulphuric  acid,  and  precipitating  the 
cadmium  as  sulphide  by  means  of  sulphuretted  hydrogen  ;  the  sul- 
phide may  be  dissolved  in  strong  hydrochloric  acid,  precipitated  by 
carbonate  of  ammonia,  and  reduced  in  an  earthen  retort  by  ignition 
with  charcoal ;  the  metal  distils  over  at  a  heat  below  redness. 

Cadmium  is  of  a  white  colour,  resembling  tin,  and  like  it 
creaks  when  a  rod  of  it  is  bent ;  it  is  so  soft  that  it  leaves  its  traces 
upon  paper,  and  possesses  considerable  malleability  and  ductility. 


852  CHAIlACTEllS    OF    THE    SALTS    OF    CADMIUM. 

Cadmium  fuses  at  442°  ¥.,  and  may  be  obtained  in  octohedral  crystals 
as  it  cools.  In  the  atmosphere  it  undergoes  little  change^  but 
when  thrown  into  a  red-hot  crucible  it  takes  fire^  depositing  brownish 
yellow  fumes  of  oxide.  It  is  dissolved  with  evolution  of  hydrogen 
when  heated  in  sulphuric  or  hydrochloric  acid  slightly  diluted; 
nitric  acid,  also,  dissolves  it  freely. 

(601)  The  oxide  (CdO ;  Eq.  647,  Sp.  Gr.  6*93)  is  obtained  as  a 
brown  anhydrous  powder,  by  burning  the  metal ;  it  is  not  fusible  or 
volatile  in  the  furnace.  A  white  hydrated  oxide  of  cadmium  may 
be  obtained  by  decomposing  its  salts  by  a  fixed  alkali ;  ammonia  in 
excess  redissolves  it,  but  potash  and  soda  have  no  such  effect  : 
even  the  anhydrous  oxide  is  soluble  in  ammonia.  Carbonate  of 
ammonia  does  not  dissolve  oxide  of  cadmium  either  in  the  anhy- 
drous or  hydrated  form. 

The  Sulphide  (CdS,  Eq.  72*7),  may  be  formed  by  transmitting 
a  current  of  sulphuretted  hydrogen  through  a  solution  of  a  salt  of 
cadmium ;  it  greatly  resembles  orpiment  in  appearance,  but  is 
distinguished  from  it  by  its  want  of  volatility  when  heated,  and  by 
its  insolubility  in  ammonia  and  in  the  alkaline  sulphides. 

(602)  Characters  of  the  Salts  of  Cadmium. — The  salts  of 
cadmium  are  colourless,  and  resemble  those  of  zinc  :  the  chloride 
crystallizes  easily.  They  may  be  readily  distinguished  by  the 
yellow  precipitate  of  sulphide  of  cadmium  which  they  yield  with 
sulphuretted  hydrogen  in  acid  solutions ;  this  precipitate  is  insoluble 
either  in  ammonia  or  in  the  alkaline  sulphides.  Potash  and  soda 
give  a  precipitate  of  white  hydrated  oxide,  insoluble  in  excess ; 
ammonia,  a  similar  precipitate,  very  soluble  in  excess;  carbo- 
nates of  potash,  soda,  and  ammonia,  a  white  carbonate,  insoluble 
in  excess;  oxalic  acid,  a  white  precipitate,  soluble  in  ammonia; 
ferrocyanide  of  potassium,  a  yellowish  white  precipitate,  soluble  in 
hydrochloric  acid.  Before  the  blowpipe  they  are  decomposed, 
and  a  ring  of  brown  oxide  of  cadmium  is  deposited  on  the  cool 
part  of  the  charcoal,  due  to  the  reduction  and  subsequent  combus- 
tion of  the  metal. 

Estimation  of  Cadmium. — Cadmium  is  readily  separated  from 
all  the  foregoing  metals  by  the  action  of  sulphuretted  hydrogen, 
which  causes  a  precipitate  of  the  yellow  sulphide  of  cadmium  from 
an  acidulated  solution  of  its  salts.  This  precipitate  is  redissolved 
in  nitric  acid,  decomposed  by  an  excess  of  carbonate  of  soda,  eva- 
porated to  dryness,  washed  from  the  soluble  salts,  and  the  resulting 
carbonate  of  cadmium  is  heated  to  redness,  and  converted  into 
oxide  and  weighed;  100  grains  of  oxide  of  cadmium  contain 
87-45  of  the  metal. 
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§  III.  Cobalt. 
Symbol,  Co  ;  Equivalent,  29*49 ;  Specific  Gravity,  8*95. 

(603)  Cobalt  generally  occurs,  in  combination  with  arsenic,  as 
speiss  cobalt  or  tin  white  cobalt  (Co As),  but  occasionally  it  is 
found  as  cobalt  glance,  which  is  a  compound  of  the  arsenide  and  the 
sulphide  of  the  metal  (CoSg,  Co  As) .  Cobalt  is  never  met  with  in 
the  native  state,  except  as  an  ingredient  in  meteoric  iron  in  small 
proportion.  The  black  oxide  has  been  found  to  some  extent  in 
the  Western  States  of  America,  mixed  with  the  sulphide  of  cobalt 
and  with  variable  proportions  of  the  oxides  of  nickel,  manganese, 
iron,  and  copper.  Tlie  ores  of  this  metal  occur  chiefly  in  the 
primitive  rocks,  and  are  usually  very  complicated;  containing 
nickel,  iron,  and  often  bismuth  and  copper,  mineralized  either  by 
sulphur  or  by  arsenic,  or  by  both  together. 

Cobalt  is  not  used  in  the  metallic  state  in  the  arts.  Many 
of  the  compounds  of  cobalt  are  remarkable  for  the  beauty  and 
brilliancy  of  their  colour. 

It  is  not  easy  to  obtain  the  metal  in  a  state  of  purity.  On  a 
small  scale  the  ore  may  be  treated  as  follows : — It  is  first  roasted 
at  a  low  but  gradually  rising  temperature,  in  order  to  expel  the 
greater  portion  of  the  arsenic ;  after  which  it  is  dissolved  in  aqua 
regia,  and  evaporated  to  dryness  to  expel  the  excess  of  acid ;  it  is 
then  redissolved  in  water,  and  a  current  of  sulphuretted  hydrogen 
is  transmitted  through  the  solution.  Bismuth,  copper,  and  the 
remainder  of  the  arsenic  are  thus  precipitated  as  sulphides.  The 
filtered  liquid  is  boiled  to  expel  the  excess  of  the  gas,  and  a  slight 
excess  of  nitric  acid  is  added  to  the  boiling  liquid,  to  peroxidize  the 
iron;  when  cold,  it  is  diluted  and  supersaturated  with  ammonia; 
the  peroxide  of  iron  is  precipitated,  carrying  with  it  a  Httle  cobalt, 
but  the  bulk  of  the  cobalt  remains  dissolved  with  any  nickel  which 
the  ore  may  have  contained. 

The  exact  separation  of  cobalt  from  nickel  is  tedious.  Two 
methods  have  been  proposed,  one  by  Rose,  the  other  by  Liebig 
(617).  Rose's  method  is  the  following: — The  two  metals  are 
thrown  down  from  the  ammoniacal  liquid  as  sulphides,  by  the  addi- 
tion of  hydrosulphate  of  ammonia.  The  sulphides  are  redissolved 
in  nitric  acid,  the  solution  is  then  largely  diluted,  and  acted  upon 
by  a  current  of  chlorine ;  after  this  it  is  digested  in  a  closed  vessel 
for  12  hours  upon  powdered  carbonate  of  baryta.  The  chlorine 
converts  the  cobalt  into  sesquioxide,  which  is  gradually  precipi- 
tated by  the  baryta,  and  remains  mixed  with  the  excess  of  car- 
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bonate  of  baryta  employed.  This  precipitate  is  again  dissolv^ed  In 
nitric  acid ;  the  baryta  removed  by  adding  sulphate  of  soda^  and 
the  oxide  of  cobalt  precipitated  by  caustic  soda :  the  precipitate  is 
well  washed  with  boiling  water_,  and  reduced  in  a  current  of 
hydrogen  gas,  which  leaves  the  metal  in  the  form  of  a  black,  highly 
magnetic  powder.  When  nickel  is  to  be  separated  from  cobalt 
for  the  purposes  of  analysis_,  Mr.  Henry  recommends  the  substitu- 
tion of  a  solution  of  bromine  for  chlorine  gas  in  the  foregoing 
process.  Bromine  may  be  used  instead  of  chlorine  in  many 
analogous  cases  with  great  convenience. 

If  oxide  of  cobalt  be  reduced  in  a  crucible  lined  with  charcoal, 
a  carbide  of  cobalt  is  formed_,  which  may  be  obtained  in  a  well  fused 
button.  The  crucible  may  be  lined  with  charcoal  for  this  purpose 
by  dipping  it  into  water,  and  filling  it  completely  with  charcoal 
finely  powdered,  and  sufficiently  moistened  to  render  it  coherent 
when  firmly  beaten  into  the  crucible ;  a  cylindrical  cavity  is  then 
scooped  out  of  the  middle  of  the  mass,  and  its  interior  is  carefully 
smoothed  with  a  glass  rod,  after  which  the  crucible  is  allowed  to  dry 
slowly.  Pure  cobalt  may  also  be  procured  by  heating  the  oxalate 
in  a  covered  porcelain  crucible,  enclosed  in  a  second  earthen  one, 
with  the  cover  luted  down ;  the  crucibles  are  then  exposed  for  an 
hour  to  the  most  intense  heat  of  a  forge :  a  well  fused  button  of 
cobalt  may  generally  be  obtained  in  this  manner. 

Metallic  cobalt  is  nearly  as  infusible  as  iron.  It  is  of  a 
reddish  grey  colour ;  is  hard,  brittle,  and  strongly  magnetic.  It 
dissolves  slowly,  with  evolution  of  hydrogen,  in  hydrochloric  and 
dilute  sulphuric  acids,  and  it  is  freely  oxidized  by  nitric  acid ;  when 
exposed  to  the  atmosphere  it  becomes  slowly  converted  into  oxide. 

The  alloys  of  cobalt  are  unimportant.  Its  compounds  with 
arsenic  are  interesting,  as  they  supply  the  greater  part  of  the  cobalt 
employed  in  the  arts.  Tin  ivhite  cobalt,  when  pure,  contains  an 
equivalent  of  each  of  the  two  metals  (Co  As),  but  portions  of  the 
cobalt  are  frequently  displaced  by  nickel  and  iron.  The  purest 
specimens  of  this  mineral  are  obtained  from  Tunaberg ;  the  ore  from 
this  locality  is  the  best  material  to  employ  in  preparing  the  com- 
pounds of  cobalt.  Arsenide  of  cobalt  melts  at  a  moderate  red  heat. 
Bright  white  cobalt,  or  cobalt  glance  (CoSa  +  CoAs),  corresponds  in 
composition  to  mispickel :  it  crystallizes  in  cubes,  octohedra,  or 
dodecahedra. 

{604)  Oxides  of  Cobalt. — There  are  two  well  marked  oxides  of 
cobalt,  the  protoxide  CoO,  which  is  the  only  salifiable  base  of 
the  metal,  and  the  sesquioxide  (C02O3) ;  these  two  oxides  are 
capable  of  uniting  with  each  other  in  difierent  proportions. 
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Protoxide  (CoO),  Eq.  37*5. — This  oxide  is  of  an  asli  grey  colour; 
when  heated  in  the  air  it  absorbs  oxygen,  and  becomes  black.  It 
is  soluble  in  acids,  and  forms  solutions  which,  when  concentrated, 
are  of  a  beautiful  blue  colour,  but  they  become  pink  on  dilution. 
The  oxide  forms  an  important  article  of  commerce,  from  its  employ- 
ment for  the  production  of  a  blue  colour  in  painting  on  porcelain. 
When  describing  the  preparation  of  nickel,  a  process  will  be  de- 
tailed which  furnishes  the  oxide  of  cobalt  fit  for  this  purpose. 

The  zaffre  of  commerce  is  a  very  impure  oxide  of  cobalt, 
procured  by  imperfectly  roasting  cobalt  ore,  mingled  with  2  or  3 
parts  of  siliceous  sand. 

Smalt  is  a  beautiful  blue  glass  coloured  by  oxide  of  cobalt ; 
it  is  chiefly  manufactured  in  Saxony.  In  preparing  smalt,  the  cobalt 
ore  is  first  roasted ;  but  the  roasting  is  arrested  at  a  particular  stage, 
the  object  being  to  oxidize  the  cobalt,  whilst  the  nickel,  copper, 
and  iron  remain  in  combination  with  arsenic  and  sulphur;  it  is 
necessary  to  leave  a  sufficient  amount  of  arsenic  in  the  mass,  to 
retain  these  metals,  as  the  admixture  of  a  very  small  quantity  of 
the  oxides  either  of  iron,  nickel,  or  copper  with  the  glass  seriously 
injures  the  purity  of  its  colour.  From  4  to  5  parts  of  the  roasted 
ore  in  powder  are  next  mingled  with  10  parts  of  ground  calcined 
quartz,  and  4  parts  of  carbonate  of  potash,  and  the  mixture  is 
slowly  melted  in  pots  arranged  in  a  furnace  resembling  that  used 
in  making  ordinary  glass.  The  oxide  of  cobalt  combines  with  the 
fused  silicate  of  potash ;  a  deep  blue  glass  is  thus  formed,  whilst  the 
mixed  arsenides  and  sulphides  of  nickel,  copper,  and  iron  fuse  and 
collect  at  the  bottom  of  the  pot,  in  the  form  of  a  brittle  mass,  of 
metallic  appearance,  commonly  known  as  speiss.  The  pot  is  then 
skimmed,  and  the  glass  is  ladled  out,  and  poured  into  cold  water, 
by  which  means  it  is  split  into  innumerable  fragments  :  the  speiss 
is  cast  into  ingots  and  used  in  the  manufacture  of  nickel.  The 
broken  glass  is  stamped  to  powder,  and  subsequently  ground  between 
granite  stones,  which  are  caused  to  revolve  under  water  in  a  vessel, 
through  which  a  gentle  stream  of  water  is  continually  flowing.  The 
water  as  it  flows  off"  carries  with  it  the  powdered  smalt  in  suspen- 
sion :  it  is  made  to  pass  through  a  number  of  depositing  vessels, 
so  arranged  that  the  overflow  from  the  first  shall  pass  into  the 
second,  that  from  the  second  into  the  third,  and  so  on  :  each  of  these 
vessels  is  successively  larger  than  the  one  which  precedes  it,  so 
that  the  period  for  which  the  washings  are  retained  in  each  goes 
on  progressively  increasing,  and  the  particles  deposited  progressively 
increase  in  the  minuteness  of  their  subdivision  ;  the  colour  becom- 
ing less  intense,  the  greater  the  degree  of  subdivision  of  its  particles. 
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Smalt  is  used  largely  by  paper-stainers,  to  produce  a  blue  colour, 
and  it  is  employed  to  some  extent  by  laundresses,  for  correcting 
the  yellow  tinge  in  linen. 

Another  valuable  pigment  into  the  composition  of  which  cobalt 
enters  is  of  a  pale  blue  colour,  and  is  known  as  Thenard's  blue. 
The  most  approved  method  of  preparing  it,  consists  in  precipitat- 
ing nitrate  of  cobalt  by  means  of  phosphate  of  potash,  and  mixing 
the  precipitate  whilst  still  moist  with  four  or  five  times  its  bulk  oi 
the  gelatinous  mass  obtained  by  adding  carbonate  of  soda  to  a 
dilute  solution  of  alum  perfectly  free  from  iron.  The  mixture  is 
dried  and  then  exposed  to  a  dull  red  heat  in  a  covered  crucible. 
The  brilliancy  of  the  colour  is  much  impaired  by  the  reducing 
action  of  the  combustible  gases  of  the  fuel.  The  best  preventive 
of  this  effect  is  found  to  consist  in  placing  a  little  red  oxide  of 
mercury  at  the  bottom  of  each  crucible ;  by  the  decomposition  of 
this  oxide  an  atmosphere  of  oxygen  is  obtained,  and  the  metallic 
mercury  is  dissipated  in  vapour  (Regnault,  Traite,  vol.  iii.  p.  150). 

Rinman's  green  is  a  pigment  of  analogous  composition,  con- 
taining oxide  of  cobalt  combined  with  oxide  of  zinc. 

Hydrated  oxide  of  cobalt  (HO,  CoO),  is  precipitated  by  the 
addition  of  potash  or  soda  to  solutions  of  any  of  its  salts.  The 
pale  blue  precipitate  which  is  first  formed  is  a  subsalt  of  cobalt,  but 
if  an  excess  of  alkali  be  used,  it  quickly  becomes  violet,  and  finally 
rose-coloured,  which  is  the  true  colour  of  the  hydrated  oxide  :  these 
changes  occur  most  rapidly  if  the  liquid  be  warmed.  This  hy- 
drated oxide  is  readily  dissolved  by  solution  of  carbonate  of  am- 
monia, and  also  by  excess  of  ammonia,  especially  in  the  presence  of 
a  neutral  ammoniacal  salt. 

Sesquioxide  of  Cobalt  (C2O3,  Eq.  83),  may  be  prepared  by 
suspending  the  hydrated  protoxide  of  the  metal  in  water,  and 
transmitting  a  current  of  chlorine  through  the  liquid  ;  chloride  of 
cobalt  is  formed  and  dissolved,  whilst  a  black  hydrated  sesquioxide 
of  cobalt  is  precipitated,  C02O3,  3  HO.  The  reaction  naay  be  thus 
expressed:  3  CoO  +  Cl  =  Co2  O3  +  C0CI.  If  the  oxide  of  cobalt 
be  suspended  in  a  solution  of  potash  instead  of  in  pure  water, 
the  whole  of  the  cobalt  is  precipitated  as  sesquioxide.  Sesqui- 
oxide of  cobalt  does  not  combine  with  acids :  it  may  be  rendered 
anhydrous  by  a  careful  application  of  heat,  but  if  strongly  heated 
it  becomes  converted  into  a  black  oxide  (CoO,  C02O3),  corre- 
sponding with  the  magnetic  oxide  of  iron.  It  is,  however,  difficult 
to  obtain  this  oxide  of  a  fixed  composition,  as  by  a  strong  heat 
the  sesquioxide  which  it  contains  is  liable  to  partial  decomposition. 


COBALT BASES    WHICH    CONTAIN    AMMONIA.  857 

and  the  compound  is  tliereby  contaminated  with  a  variable  quantity 
of  the  protoxide  of  cobalt. 

(605)  Ammoniacal  Compounds  of  Cobalt. — When  a  solution  of 
a  salt  of  cobalt  in  ammonia  is  exposed  to  the  air,  it  absorbs  oxygen 
rapidly,  although  the  hydrated  protoxide  of  cobalt  alone  exhibits  no 
such  tendency.  If  the  hydrated  oxide  be  dissolved  in  an  ammo- 
niacal solution  of  chloride  of  ammonium,  the  absorption  of  oxygen 
proceeds  quickly,  and  a  remarkable  violet-red  colour  gradually 
develops  itself  in  the  liquid.  If  at  this  stage  the  liquid  be  super- 
saturated with  hydrochloric  acid  and  boiled,  a  heavy  crimson 
powder  precipitates,  leaving  the  solution  colourless ;  this  precipitate 
may  be  dissolved  in  water  slightly  acidulated  with  hydrochloric 
acid,  and  as  the  liquid  cools,  beautiful  ruby -red  octohedral  crystals 
are  formed.  According  to  F.  Claudet  [Quart.  Journ.  Chem.  Soc.  iv. 
357),  they  contain  the  elements  of  3  H.^  NCI,  2  C0II2  N.  This 
remarkable  compound  is  quite  insoluble  in  boiling  hydrochloric 
acid,  and  may  be  employed  as  a  means  of  obtaining  chemically 
pure  cobalt :  at  a  red  heat  it  loses  ammonia  and  hydrochlorate 
of  ammonia,  leaving  chloride  of  cobalt ; — 

3(H4NC1),  2(CoH2N)  =  H4NCl4- 2  H3N  +  2C0CI, 

and  the  chloride  of  cobalt  may  be  reduced  to  the  metallic  state  by 
passing  a  current  of  hydrogen  gas  over  it  in  a  tube  heated  to 
redness.  When  digested  with  water  upon  oxide  of  silver,  the 
chlorine  is  withdrawn  from  the  new  compound,  whilst  the  oxygen 
of  the  oxide  takes  its  place  ;* — 

3(II,NC1),  2(CoH,N)+3  AgO=3(H,NO),  aCCoH^N) +3  AgCl; 

a  red  strongly  alkaline  liquid  is  thus  produced,  which  unites  with 
acids,  and  forms  a  peculiar  class  of  salts  :  this  alkaline  solution 
emits  no  smell  of  ammonia. 

Fremy,  in  an  elaborate  series  of  researches  on  the  ammoniacal 
compounds  of  cobalt,  has  shown  {Ann.  de  Chimiej  III.  xxxv.  257) 
that,  independent  of  the  ammoniacal  compounds  obtained  with 
the  ordinary  salts  of  the  metal,  and  of  the  compounds  described  by 
Claudet,  three  other  sets  of  salts  may  be  procured,  which  he 
regards  as  compounds  of  different  oxides  of  cobalt  with  various 
proportions  of  ammonia  :  the  first  of  these  bases  he  names  om/co- 
baltia.      Its  salts  crystallize  readily,  and  dissolve    in  solution  of 


*  Both  Fremy  and  E/Ogojski  {Ann.  der  Chimie,  III.  141,  456),  who  have 
recently  examined  this  compound,  have  given  reasons  for  supposing  that  it 
contains  i  equivalent  less  of  hydrogen  than  has  been  assigned  to  it  by 
Claudet. 
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ammonia  without  change,  but  when  placed  in  cold  water  they  are 
decomposed  with  evolution  of  oxygen  and  deposition  of  a  green 
subsalt  :  the  salts  of  this  base  appear  to  contain  a  binoxide  of 
cobalt,  which,  however,  cannot  be  isolated.  The  second  base,  from 
the  yellow  colour  of  its  salts,  he  terms  luteocobaltia ;  this  base  has 
been  isolated ;  it  has  a  strong  alkaline  reaction,  and  its  salts  crys- 
tallize easily.  The  third  base  is  termed  fuscobaltia  ;  it  forms  brown 
uncrystallizable  salts.  The  base  of  Claudet^s  salts  Fremy  terms, 
from  the  red  colour  of  its  compounds,  roseocobaltia.  For  details 
regarding  the  preparation  of  these  different  compounds,  the  reader 
is  referred  to  the  memoir  already  quoted. 

All  the  compounds  of  each  of  these  four  bases,  when  boiled 
with  solutions  of  caustic  potash  or  of  soda,  are  decomposed,  and 
hydrated  sesquioxide  of  cobalt  (Cog  O3,  HO),  is  precipitated,  whilst 
ammonia  is  expelled. 

The  following  table  will  aftbrd  a  general  comparative  view  of 
these  different  classes  of  salts,  including  the  double  salts  which 
ammonia  forms  with  the  protoxide  of  the  metal : — 

I.  Double  Salts  of  Ammonia  and  Protoxide  of  Cobalt, 

Nitrate  .     .     CoO,  NO5  3  H3N,  2  HO 
Chloride      .      CoCl,  3  H3N,  3  HO 

2.  Salts  of  Oxycobaltia. 

Nitrate  .      .      2(000^,  NO5)  5  H3N,  2  HO 
Sulphate     .      2(Co02,  SO3)  5  H3N,  3  HO 

3.  Salts  of  Luteocobaltia, 

.  Nitrate  .      .      C02O3,  3  NO5,  6  H3N 
Chloride      .     C02CI3,  6  H3N 

4.  Salts  of  Fuscobaltia, 

Nitrate  .      .     C02O3,  2  NO5,  4  H3N,  3  HO 
Chloride     .     C02CI2O,  4  H3N,  3  HO 

5.  Salts  of  Roseocobaltia  {Claudet's  Salts). 

Nitrate  .      .      C02O3,  3  NO5,  5  H3N 
Chloride      .     C02CI3,  5  H3N,  HO. 

(606)  Compounds  of  Cobalt  with  Sulphur. — Three  sulphides  of 
this  metal  may  be  obtained, — a  protosulphide,  CoS,  a  sesquisul- 
phide,  C02S3,  and  a  bisulphide,  CoSg.  The  most  important  of 
these  is  the  protosulphide j  which  may  be  procured  by  precipitating 
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a  solution  of  acetate  of  cobalt  by  sulphuretted  hydrogen,  or  by 
mixing  any  neutral  solution  of  a  salt  of  cobalt  with  hydrosulphate 
of  ammonia.  In  this  form  it  speedily  absorbs  oxygen  from  the 
air,  and  becomes  converted  into  sulphate  of  cobalt.  If  a  mixture 
of  oxide  of  cobalt  be  fused  with  persulphide  of  potassium  (the  liver 
of  sulphur)  in  a  covered  crucible,  a  fused  sulphide  of  cobalt  is 
obtained  at  the  bottom  of  the  crucible. 

(607)  Chloride  of  Cobalt,  (CoCl,  Eq.  65,  Sp.  Gr.  2*937),  is 
obtained  as  a  lilac-coloured  anhydrous  mass  by  passing  chlorine 
over  metallic  cobalt ;  it  is  volatile  at  a  high  temperature.  By  dissolv- 
ing the  oxide  of  cobalt  in  hydrochloric  acid,  the  hydrated  chloride 
may  be  obtained  in  ruby-red  octohedral  crystals,  which  are  readily 
soluble  in  water  and  alcohol;  its  aqueous  solution  when  con- 
centrated is  of  a  deep  blue  colour,  but  on  dilution  it  becomes  pink. 
This  dilute  solution  may  be  used  as  a  sympathetic  ink ;  characters 
traced  with  it  on  paper,  though  invisible  when  cold,  become  blue 
by  heat,  and  again  fade  as  the  hygroscopic  moisture  of  the  paper 
is  restored  from  the  air  :  the  colours  of  this  ink  may  be  varied  at 
pleasure ;  the  addition  of  a  small  proportion  of  a  salt  of  peroxide 
of  iron  renders  it  green;  zinc  produces  a  red,  and  copper  a 
yellow  tint. 

The  Sulphate  of  Cobalt  (CoO,  SO3 -f  7  aq,  Eq.  77-5  +  63, 
Sp.Gr.  anhydrous  3*531),  is  isomorphous  with  sulphate  of  magnesia. 

Nitrate  of  Cobalt  (CoO,  N05  +  6aq,  Eq.  91-5  +  154),  is  pre- 
pared by  dissolving  the  oxide  in  nitric  acid.  It  is  a  deliquescent 
salt  which  is  sometimes  employed  as  a  reagent  for  the  blowpipe ; 
a  fragment  of  the  compound  under  examination  is  supported  either 
upon  charcoal,  or  upon  a  bent  platinum  wire,  and  moistened  with 
a  minute  quantity  of  a  strong  solution  of  the  nitrate  of  cobalt. 
When  treated  in  this  way,  many  of  the  compounds  of  magnesia 
yield  a  pale  pink-coloured  mass  after  ignition ;  those  of  oxide  of 
zinc  give  a  green  residue,  and  those  of  alumina  a  blue. 

If  a  concentrated  solution  of  nitrite  of  potash  be  gradually 
added  to  a  solution  of  nitrate  of  cobalt  acidulated  with  nitric  acid, 
a  beautiful  orange  yellow  compound  is  precipitated  :  it  is  sparingly 
soluble,  and,  according  to  St.  Evre,  by  whom  it  was  discovered, 
consists  of  2(K0,  N03  +  CoON05)+aq. 

A  hydrated  arseniate  of  cobalt,  (3  CoO,  AsgOg  +  8  aq)  is  found 
native,  and  is  known  as  cobalt  bloom. 

(608)  Carbonates  of  Cobalt. — Cobalt  resembles  magnesia,  zinc, 
and  nickel,  in  the  circumstance  that  when  solutions  of  its  neutral 
salts  are  mixed  with  a  solution  of  carbonate  of  soda  or  potash,  the 
precipitate  which  falls  is  not  a  neutral  carbonate,  but  a  mixture  of 
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neutral  carbonate  with  hydrated  oxide  of  cobalt.  If  the  two  solutions 
be  mixed  w  hen  hot^  the  red  precipitate  is  said  to  have  the  formula 
(5  CoOj  2  CO2;,  4  aq).  If  the  salts  be  mixed  at  the  ordinary  tem- 
perature^  the  precipitate  is  of  a  brighter  red_,  and  has  a  composition 
(4C0O,  2  CO2  +  7  aq).  If  either  of  these  precipitates  be  boiled 
with  an  excess  of  carbonate  of  soda^  it  assumes  an  indigo  bhie 
colour,  and  is  converted  into  the  compound  4  CoO,  COg^  4  aq,  which 
absorbs  oxygen,  and  becomes  green  during  washing. 

A  true  neutral  carbonate,  3(CoO,  CO2)  1  aq,  is  formed  by  digest- 
ing either  of  the  basic  carbonates  of  cobalt  with  bicarbonate  of 
soda  or  ammonia. 

(609)  Characters  of  the  Salts  of  Cobalt. — The  crystallized 
salts  of  cobalt  are  red;  when  anhydrous  they  are  usually  lilac. 
Their  solutions  when  in  a  very  concentrated  form  are  blue ;  at  a 
particular  stage  of  dilution  they  are  red  when  cold,  but  become 
blue  on  heating  them,  the  red  colour  returning  as  the  liquid  cools: 
when  mixed  with  a  larger  proportion  of  water  they  exhibit  a  deli- 
cate rose  colour,  and  this  tint  is  perceptible  even  when  the  solution 
is  very  much  diluted.      They  have  an  astringent  metallic  taste. 

Before  the  blowpipe  the  compounds  of  cobalt  are  recognised 
by  the  intense  blue  colour  which  they  communicate  to  a  bead  of 
borax  in  the  oxidating  flame. 

In  solution  the  salts  of  this  metal  give  no  precipitate  with 
sulphuretted  hydrogen,  if  the  liquid  be  slightly  acidulated  with  sul- 
phuric or  hydrochloric  acid.  With  hydrosulphate  of  ammonia  they 
yield  a  black  sulphide.  Carbonate  of  potash  gives  a  rose-coloured 
basic  carbonate,  which  is  soluble  in  carbonate  of  ammonia.  Potash 
gives  a  blue  subsalt,  which  by  excess  of  the  alkali  becomes  rose- 
coloured.  Ammonia  produces  a  similar  effect,  but  readily  dissolves 
the  precipitate,  forming  a  reddish  solution  which  rapidly  absorbs 
oxygen  from  the  air,  and  becomes  green.  The  soluble  oxalates 
give  a  sparingly  soluble  pink  oxalate  of  cobalt,  wdiich  is  soluble  in 
nitric  acid  and  in  ammonia.  Ferrocyanide  of  potassium  gives  a 
dirty  green,  and  ferridcyanide  of  potassium  a  bulky  reddish  broAvn 
precipitate. 

(610)  Estimation  of  Cobalt. — Cobalt  can  only  be  estimated 
■with  accuracy  in  the  metallic  form.  Supposing  that  no  compound 
of  any  other  metal  susceptible  of  precipitation  by  hydrosulphate  of 
ammonia  be  present,  except  cobalt,  the  solution  is  to  be  neutralized 
and  then  mixed  with  hydi'osulphate  of  ammonia,  taking  care  to  add 
as  small  an  excess  of  the  hydrosulphate  as  possible;  the  liquid  is 
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next  to  be  warmed,  the  precipitate  allowed  to  settle  in  a  beaker 
closed  by  a  glass  plate,  then  collected  on  a  filter,  and  washed  with 
water  containing  a  little  sulphuretted  hydrogen.  The  alkalies  are 
prevented  from  effecting  the  complete  precipitation  of  cobalt,  as 
well  as  of  iron,  of  nickel,  of  copper,  and  of  many  other  metals, 
by  the  presence  of  certain  kinds  of  organic  matter,  such  as  that 
derived  from  the  paper  of  the  filter ;  special  precautions  are  there- 
fore required  to  avoid  this  accident.  For  this  purpose  the  neck 
of  the  funnel  with  the  filter  and  its  contents  is  introduced  into  a 
small  flask,  a  hole  is  made  with  a  glass  rod  in  the  bottom  of  the 
filter,  and  the  precipitate  is  washed  into  the  flask ;  the  filter  after 
being  moistened  with  concentrated  nitric  acid,  is  again  washed ;  it 
is  then  dried,  burnt,  and  the  ash  added  to  the  contents  of  the 
flask,  which  are  now  boiled  with  nitric  acid  until  the  sulphide  of 
cobalt  is  dissolved.  The  liquid  thus  obtained  is  diluted  and  poured 
off"  from  any  particles  of  undissolved  sulphur.  The  cobalt  thus 
brought  into  solution  by  the  nitric  acid  is  precipitated  in  the  form 
of  hydrated  oxide  by  an  excess  of  potash ;  the  oxide  is  thoroughly 
washed  with  boiling  water,  dried,  ignited,  and  weighed.  The 
amount  of  cobalt  cannot  be  safely  inferred  from  the  weight  of  this 
oxide,  as  it  consists 

of     a     mixture     of  Fig.  304. 

protoxide  and  ses- 
quioxide  of  cobalt 
in  variable  propor- 
tions. The  oxide  is 
therefore  reduced  in 
a  current  of  dry  and 
pure  hydrogen  in 
the  manner  shown 
in  fig.304.  The  tube, 
e,  is  weighed  when 

empty;  then  a  certain  proportion  of  the  oxide  of  cobalt  is  intro- 
duced in  the  bulb,  and  the  tube  is  again  weighed;  hydrogen  is 
generated  in  the  bottle,  fl,  and  allowed  to  traverse  the  apparatus ; 
b  contains  a  solution  of  potash,  and  c  one  of  nitrate  of  silver, 
which  are  designed  to  arrest  any  traces  of  arseniuretted  hydrogen ;  oil 
of  vitriol  is  placed  in  d  for  the  purpose  of  drying  the  gas  :  a  dull  red 
heat  is  next  applied  to  the  bulb,  e,  and  as  soon  as  water  ceases  to 
form,  the  reduction  is  complete  :  the  lamp  is  then  removed  from 
the  bulb,  but  the  current  of  hydrogen  is  maintained  till  the  tube 
is  quite  cold.     The  tube  and  its  contents  are  then  weighed  a  third 
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timCj  and  the  proportion  of  metallic  cobalt  which  a  given  weight 
of  the  oxide  under  trial  contained,  is  thus  ascertained. 

(6ii)  Separation  of  Cobalt  from  the  Alkalies  and  Alkaline 
Earths,  and  from  Alumina. — This  is  readily  effected  by  the  addition 
of  hydrosulphate  of  ammonia  to  the  solution  previously  neutralized 
by  ammonia.  If  alumina  be  present,  it  w  ill  accompany  the  cobalt, 
but  if  this  precipitate  be  redissolved  in  acid,  and  again  thrown 
down  by  means  of  caustic  potash  in  excess,  the  alumina  will  be 
retained ;  the  oxide  of  cobalt  is,  however,  apt  to  carry  down  traces 
of  alumina ;  these  may  be  removed  by  treating  the  precipitated 
oxide  by  means  of  a  mixture  of  ammonia  and  chloride  of  ammonium, 
which  dissolves  the  cobalt,  but  leaves  any  traces  of  alumina  which 
may  have  accompanied  it.  The  cobalt  is  again  precipitated  by 
hydrosulphate  of  ammonia. 

The  separation  of  Cobalt  from  Zinc  is  not  easy.  One  of  the 
best  methods  consists  in  precipitating  the  metals  together  in  the 
form  of  sulphides,  dissolving  this  precipitate  in  nitric  acid,  and 
then  adding  an  excess  of  carbonate  of  potash,  and  evaporating  to 
dryness.  After  the  mixed  carbonates  of  zinc  and  cobalt  have  been 
well  washed,  they  are  heated  in  a  bulb  tube  in  a  current  of  dried 
hydrochloric  acid.  The  open  end  of  the  tube  is  in  this  case  bent 
downwards  at  a  right  angle,  and  the  aperture  is  made  to  dip  into 
a  small  quantity  of  water  contained  in  a  flask ;  the  chloride  of 
zinc,  which  is  volatile,  is  carried  forward  in  the  current  of  gas,  a 
portion  of  it  is  condensed  in  the  bend  of  the  tube,  and  the  remainder 
is  dissolved  in  the  water  placed  for  its  reception.  Chloride  of 
cobalt  alone  remains  in  the  bulb.  The  portion  of  the  tube  in 
which  the  chloride  of  zinc  has  been  condensed  is  cut  off  when  the 
operation  is  complete,  and  is  allowed  to  fall  into  the  flask.  The 
zinc  and  the  cobalt  are  then  easily  determined  separately  by  the 
usual  methods. 


§  IV.— Nickel. 

Symbol,  Ni ;  Equivalent,  29*54  ;  Specific  Gravity,  8 '8 2. 

(612)  Nickel  is  a  metal,  the  peculiar  characters  of  which  were 
first  recognised  in  1751  by  Cronstedt;  it  has  a  remarkable  analogy 
to  cobalt,  and  always  occurs  associated  with  it  in  nature,  both  as 
a  constituent  of  meteoric  iron,  and  in  its  ores,  which  present  a 
composition  analogous  to  those  of  cobalt.  It  is  most  abundant  in 
the  form  of  kupfernickel,  which  is  a  diarsenide  of  nickel,  and  is 
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extracted  either  from  this  ore  or  from  speiss,  which  is  an  impure 
arseniosulphide  of  nickel,  formed  during  the  manufacture  of  smalt. 

As  the  metal  itself  is  now  extensively  used  in  alJoys,  of  which 
German  silver  is  one  of  the  most  important,  great  pains  have  been 
taken  to  procure  it  in  a  state  of  comparative  purity,  and  several 
processes  have  been  proposed.  According  to  Louyet,  the  process 
by  which  nickel  is  extracted  from  speiss  at  Birmingham  on  the 
large  scale  is  as  follows  : — The  speiss  is  first  fused  with  chalk  and 
fluorspar,  the  metallic  mass  obtained  is  reduced  to  powder,  and 
roasted  for  twelve  hours  to  expel  the  arsenic ;  the  residue  is  then 
dissolved  in  hydrochloric  acid ;  the  solution  is  diluted,  and  the  iron 
peroxidized  by  the  cautious  addition  of  bleaching  powder.  Milk  of 
lime  is  then  carefully  added  so  long  as  peroxide  of  iron  falls, 
which  carries  down  with  it  the  last  portions  of  arsenic  :  this 
precipitate  is  well  washed,  and  the  liquid  which  contains  all  the 
cobalt  and  nickel  is  treated  with  a  current  of  sulphuretted  hydro- 
gen ;  the  sulphides  of  copper,  bismuth,  and  lead,  are  thus  precipi- 
tated, and  are  thoroughly  washed.  All  the  nickel  and  cobalt  still 
remain  in  the  liquid  ;  this  liquid  is  again  treated  with  chloride 
of  lime  :  the  whole  of  the  cobalt  is  thus  thrown  down  as  peroxide ; 
after  which  the  whole  of  the  nickel  is  separated  from  the  solution 
in  the  form  of  hydrated  oxide  by  adding  milk  of  lime  as  long  as 
any  precipitate  is  produced. 

Nickel  may  be  obtained  pure  upon  a  small  scale,  by  dissolving 
the  roasted  ore  in  aqua  regia,  evaporating  to  expel  the  excess 
of  acid,  redissolving  in  water,  and  transmitting  a  current  of  sul- 
phuretted hydrogen.  The  filtered  liquid  is  boiled  with  nitric  acid, 
to  peroxidize  the  iron ;  the  solution  is  precipitated  by  an  excess  of 
caustic  ammonia,  filtered  from  the  oxide  of  iron,  and  to  the  blue 
liquid  caustic  potash  is  added  until  the  blue  tint  nearly  disappears ; 
a  pale  green  precipitate,  consisting  of  hydrated  oxide  of  nickel  and 
potash  is  thus  obtained,  which  must  be  well  washed  with  hot  water 
to  remove  the  potash,  and  then  reduced  by  ignition  in  a  current 
of  hydrogen  gas.  Tf  heated  for  an  hour  by  means  of  a  blacksmith's 
forge,  in  a  crucible  lined  with  charcoal,  a  well-fused  button  of 
carbide  of  nickel  is  produced.  A  button  of  the  pure  metal  may 
however  be  procured  by  heating  the  oxalate  of  nickel  intensely  in 
a  crucible  with  a  luted  cover,  without  any  other  reducing  agent 
than  the  carbonic  oxide  furnished  by  its  own  decomposition. 

Pure  nickel  is  a  brilliant,  silver  white,  ductile  metal,  little  more 
fusible  than  iron.  At  ordinary  temperatures  it  is  susceptible  of 
magnetism,  but  it  loses  this  property  almost  entirely  if  heated  to  a 
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point  exceeding  630°  ¥.,  though  it  recovers  its  magnetic  power  on 
cooling.  Nickel  becomes  oxidized  by  exposure  to  a  current  of  air  at 
a  high  temperature.  The  metal  is  easily  attacked  by  nitric  acid  and 
aqua  regia_,  and  is  dissolved  slowly  with  evolution  of  hydrogen  in 
sulphuric  or  in  hydrochloric  acid.  Owing  to  the  remarkable 
whitening  power  which  nickel  exerts  on  brass^  it  is  now  much  used 
in  the  manufacture  oi  packfong,  or  German  silver,  a  compound  of 
zinc_,  nickel,  and  copper,  in  which  the  proportions  of  the  metals  may 
vary  considerably.  A  good  alloy  consists  of  5  equivalents  of 
copper,  3  of  zinc,  and  2  of  nickel,  or  in  100  parts,  of  51  of  copper, 
30'6  of  zinc,  and  18*4  of  nickel.  Packfong  is  of  a  yellowish  white 
colour,  and  when  freshly  polished  closely  resembles  silver  in 
appearance. 

The  native  arsenides  of  nickel  are  important,  as  they  form  the 
principal  ores  of  the  metal.  Kupfernickel  (NigAs)  is  a  combina- 
tion containing  44  parts  of  nickel  to  ^6  of  arsenic ;  part  of  the 
arsenic  is  sometimes  displaced  by  an  equivalent  amount  of  anti- 
mony. Arsenical  nickel  is  a  combination  of  an  equivalent  of  each 
metal  (NiAs):  by  ignition  in  close  vessels  it  loses  half  its  arsenic, 
and  becomes  converted  into  kupfernickel.  A  compound  of  nickel 
with  arsenic  and  sulphur,  corresponding  to  mispickel,  and  known 
as  nickel  glance  (NiSg  +  NiAs),  is  also  found  native. 

(613)  Compounds  of  Nickel  with  Oxygen. — Nickel  forms  two 
oxides  :  a  protoxide,  NiO,  and  a  sesquioxide,  Ni203. 

The  Protoxide  (NiO,  Eq.  37*5),  may  be  obtained  in  the  anhy- 
drous form  by  igniting  the  carbonate  of  the  metal  in  a  covered 
crucible,  when  it  is  left  of  an  olive  green  colour.  It  may  be  pre- 
cipitated from  its  salts  by  potash,  as  a  bulky  light  green  hydrate, 
(NiO,  HO),  and  may  be  obtained  crystallized  by  boiling  carbonate 
of  nickel  in  solution  of  ammonia.  Oxide  of  nickel  forms  insoluble 
compounds  with  potash  or  soda,  which,  however,  may  be  decomposed 
by  frequent  washings  with  boiling  water.  Baryta,  strontia,  and 
several  other  bases,  also  form  with  it  insoluble  compounds ;  ammo- 
nia dissolves  it,  forming  a  deep  blue  solution ;  when  fused  with 
borax,  the  oxide  colours  the  glass  of  a  hyacinth  yellow,  which 
becomes  less  intense  as  it  cools. 

The  Sesquioxide  (NigOg,  Eq.  83),  is  a  black  powder  which  may 
be  procured  by  treating  the  hydrated  protoxide  with  solution  of 
chloride  of  soda.  It  does  not  combine  with  acids,  and  gives  off  a 
portion  of  its  oxygen  by  ignition,  or  by  heating  with  nitric  or  sul- 
phuric acids,  which  form  with  it  salts  of  the  protoxide. 

(614)  Sulphide  of  Nickel  (NiS,  Eq.  45*5),  occurs  native  in 
greyish  or  yellowish  capillary  crystals  :  it  may  be  formed  artificially 
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by  fusion,  and  can  be  obtained  as  a  black  hydrate  when  a  salt  of 
nickel  is  precipitated  by  sulphide  of  ammonium.  It  may  also  be 
procured  by  fusing  an  alkaline  persulphide  with  arsenide  of  nickel, 
and  is  left  in  yellow  crystalline  scales.  A  disulphide  {Ni2S)  has 
been  formed  by  reduction  oj?  the  sulphate  of  nickel  by  means  either 
of  charcoal  or  of  hydrogen  gas. 

Chloride  of  Nickel  (NiCl,  Eq.  6^),  is  formed  by  dissolving  the 
oxide  in  hydrochloric  acid.  Its  solution,  on  evaporation,  yields 
green  hydrated  crystals ;  by  heat  it  may  be  obtained  as  a  yellowish 
brown  anhydrous  mass,  which  at  a  high  temperature  is  volatile, 
and  condenses  in  yellow  crystalline  scales,  which  dissolve  slowly  in 
water. 

Sulphate  of  Nickel  (NiO,  SO3  7  aq),  Eq.  "JT^^^^^  ^P-  ^^• 
cry  St.  2*037. — -This  salt  crystallizes  in  green  rhombic  prisms,  which, 
when  exposed  to  light,  are  converted  without  loss  of  water  into 
small  regular  octohedra,  aggregated  together  in  the  form  of  the 
original  crystal,  which  becomes  opaque.  It  may  be  obtained  in 
octohedra  at  once  by  crystallizing  at  a  temperature  between  60° 
and  80°  F.  A  double  sulphate  of  potash  and  nickel  (NiO,  SO3  + 
KO,  SO3  +  6  aq,  Sp.  Gr.  cryst.  2'i90,  dry  2*897),  may  be  formed 
by  adding  potash  to  the  impure  solution  of  speiss,  and  by  repeated 
crystallizations  may  be  freed  from  all  impurities  except  traces  of 
iron  and  cobalt :  it  was  at  one  time  used  as  a  means  of  purifying 
nickel  for  commercial  purposes.  Other  double  sulphates  of  nickel 
may  be  formed. 

Carbonates  of  Nickel. — There  are  several  basic  carbonates  of 
nickel,  of  a  green  colour.  The  neutral  carbonate  precipitates  as  a 
crystalline  powder,  when  a  solution  of  nitrate  of  nickel  is  poured 
into  a  large  excess  of  bicarbonate  of  soda. 

(615)  Characters  of  the  Salts  of  Nickel. — The  salts  of 
this  metal  are  of  a  delicate  green  colour,  both  when  in  the  solid 
state  and  when  in  solution.  They  have  a  sweetish  astringent 
metallic  taste,  and  when  taken  internally  excite  vomiting. 

Before  the  blowpipe  salts  of  nickel  give  in  the  oxidating  flame 
with  borax,  a  reddish  yellow  glass,  which  becomes  much  paler  as 
it  cools.  In  the  reducing  flame  greyish  particles  of  reduced  nickel 
are  disseminated  through  the  bead. 

In  solution  sulphuretted  hydrogen  gives  no  precipitate  if  the 
liquid  be  acidulated  with  sulphuric  acid.  Hydrosulphate  of  Am- 
monia gives  a  black  sulphide.  Ammonia  gives  a  pale  green  pre- 
cipitate, soluble  in  excess  of  ammonia,  forming  a  bright  blue 
solution.       Potash   and   Soda    throw   down   a  pale   green  bulky 
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hydrated  oxide  of  nickel.  The  carbonates  of  the  alkalies  give  a 
pale  apple  green  precipitate  of  basic  carbonate  of  nickel,  which 
is  readily  soluble  in  carbonate  of  ammonia.  Ferro cyanide  of  potas- 
sium gives  a  greenish  white,  and  ferridcyanide  of  potassium  a 
yellowish  green  precipitate  * 

(6 1 6)  Estimation  of  Nickel. — Nickel  is  best  estimated  in  the 
form  of  protoxide,  which,  when  precipitated  by  means  of  potash, 
requires  patient  washing  with  hot  water  to  remove  the  adhering 
alkali :   loo  parts  of  protoxide  of  nickel  contain  7 8  69  of  the  metal. 

Separation  of  Nickel  from  the  Alkalies  and  Earths ^  and  from 
Zinc. — For  this  purpose  the  same  processes  as  those  adopted  for 
the  separation  of  cobalt  (611)  may  be  employed. 

(617)  Separation  from  Cobalt. — The  method  advised  by  Liebig 
for  this  purpose  is  the  best.  The  cobalt  and  nickel  having  been 
freed  from  all  other  substances  except  salts  of  potash  or  soda,  are 
precipitated  in  the  form  of  hydrated  oxides,  which  after  partial 
washing  from  the  adhering  alkaline  salts,  are  mixed  with  caustic 
potash  and  a  decided  excess  of  hydrocyanic  acid ;  the  mixture 
is  then  boiled  for  ten  minutes  in  order  to  expel  the  greater  part 
of  the  excess  of  hydrocyanic  acid,  and  to  convert  the  oxides  into 
double  cyanides  of  cobalt  and  nickel.  A  cobalticyanide  of  potas- 
sium, (K3Co2Cyg),  is  formed,  attended  with  escape  of  hydrogen ; 
a  double  cyanide  of  nickel  and  potassium,  (KCy  +  NiCy)  is  produced 
at  the  same  time.  The  formation  of  the  cobalticyanide  may  be 
traced  as  follows  :  cyanide  of  cobalt  is  first  formed,  HCy  +  CoO  = 
CoCy  +  HO,  and  this  cyanide  of  cobalt,  by  boiling  with  an  excess 
of  cyanide  of  potassium  and  hydrocyanic  acid,  yields  cobalticyanide 
of  potassium  and  free  hydrogen,  2  CoCy  +  3  KCy  +  HCy  = 
(Kg,  CogCys)  +  H.  The  double  cyanide  of  nickel  and  potassium  is  very 
simply  formed,  as  with  nickel  no  compound  corresponding  to  the 
cobalticyanide  is  obtained ;  2  KCy  +  MO  =  (KCy  +  NiCy)  4-  HO. 
If  the  solution  be  now  boiled  with  very  finely  levigated  oxide  of 
mercury,  the  nickel  salt  is  decomposed,  hydrated  oxide  of  nickel 
is  precipitated,  and  cyanide  of  mercury  is  produced :  — 

(KCy  +  NiCy)  +  HgO  =  (KCy  +  HgCy)  +  NiO. 

The  cobalticyanide  of  potassium  is  not  decomposed  by  the 
oxide  of  mercury,  but  remains  in  solution,  and  may  be  filtered 
from  the  oxide  of  nickel,  which  requires  to  be  carefully  ignited  in 
a  platinum  crucible  till  it  ceases  to  lose  weight.  The  cobalt  may 
then  be  precipitated  from  the  filtrate  as  a  white  subcobalticyanide 
of  mercury  by  the  addition  of  solution  of  subnitrate  of  mercury ; 
the  precipitate  is  collected,  dried,  and   ignited,  when   pure   oxide 
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of  cobalt  is  left,  which  may  be  reduced  to  the  metallic  state  in  a 
current  of  hydrogen. 

§  V.  Uranium. 
Symbol,  U ;  Equivalent,  60. 

(618)  Uranium  is  a  metal  the  compounds  of  which  are  but 
sparingly  distributed  over  the  surface  of  the  earth.  It  was  originally 
discovered  by  Klaproth,  in  pitchblende,  which  contains  nearly  80 
per  cent,  of  the  black  oxide  of  uranium  (2  UO,  U2O3);  the  remainder 
of  the  mass  consists  of  variable  quantities  of  copper,  lead,  iron, 
arsenic,  and  frequently  of  cobalt  and  nickel.  Uranite,  which  is  a 
mineral  of  micaceous  structure,  of  rarer  occurrence,  consists  of  a 
hydrated  double  phosphate  of  lime  and  uranium  :  (CaO,  2U203,P05, 
8  aq).  Chalcolite  is  a  similar  mineral,  in  which  oxide  of  copper 
takes  the  place  of  lime. 

In  order  to  extract  uranium  from  pitchblende,  the  mineral  is 
heated  to  redness  and  thrown  whilst  red-hot  into  water,  after 
which  it  admits  of  being  readily  pulverized :  Ebelmen  advises  that 
tlie  ore  should  then  be  treated  in  the  following  manner : — The  fine 
powder  is  to  be  washed  with  dilute  hydrochloric  acid,  heated  with 
charcoal,  and  digested  in  strong  hydrochloric  acid,  by  which  the 
earthy  matters  and  most  of  the  iron,  arsenic,  and  sulphur  are  re- 
moved ;  the  washed  residue  is  to  be  roasted  and  then  treated  with 
nitric  acid  ;  the  solution  is  evaporated  nearly  to  dryness  and  diluted  : 
arseniate  of  iron  is  thus  precipitated.  Sulphuretted  hydrogen  is  then 
to  be  transmitted  through  the  filtered  solution ;  the  liquid  is  next 
to  be  filtered  from  the  sulphides  of  copper,  lead,  and  arsenic  thus 
formed  ;  it  is  again  evaporated,  until  crystals  of  pernitrate  of  ura- 
nium begin  to  form.  This  salt  is  to  be  decomposed  by  heating  it  to 
redness,  and  the  oxide  of  uranium  which  is  left  is  to  be  mingled  with 
charcoal  and  heated  in  a  glass  tube  through  which  a  current  of  dry 
chlorine  is  passing ;  carbonic  acid  and  carbonic  oxide  are  formed,  and 
a  volatile  green  protochloride  of  uranium  sublimes.  This  chloride 
when  heated  with  potassium  in  a  platinum  crucible  yields  chloride 
of  potassium  and  metallic  uranium  :  intense  heat  is  evolved  during 
the  reaction  of  the  potassium  on  the  chloride  of  uranium,  and  the 
resulting  metal  is  partially  fused.  The  isolation  of  metallic  uranium 
is  due  to  INI.  Peligot  {Ann.  de  Chimie,  III.  v.,  5),  the  substance 
originally  supposed  to  be  the  metal  having  been  proved  by  him  to 
be  its  protoxide. 

Uranium  as  thus  obtained  is  of  white  colour :  it  appears  to 
be  slightly  malleable :  it  is  not  oxidized  by  exposure  to  air  or  to 
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water  at  ordinary  temperatures ;  but  if  heated  in  the  air  it  burns 
brilliantly :  sulphuric  and  hydrochloric  acids  dissolve  it  with  extri- 
cation of  hydrogen  gas.  In  its  chemical  relations  it  is  closely 
analogous  to  iron  and  manganese. 

(619)  Compounds  of  Uranium  with  Oxygen.  —  Uranium  forms 
two  principal  oxides,  a  protoxide,  U0_,  and  a  sesquioxide,  UgOg : 
two  intermediate  oxides  may  also  be  obtained,  the  black  oxide, 
2  UO  +  U2O3,  and  the  green  oxide,  UO  +  U2O3. 

The  Protoxide  (UO,  Eq.  68)  may  be  obtained  in  several  ways, 
one  of  the  easiest  consists  in  igniting  the  protoxalate  in  close  vessels. 
In  its  anhydrous  state  the  dilute  acids  are  without  action  upon  it,  but 
its  hydrate  dissolves  readily,  forming  green  crystallizable  salts. 

The  Black  Oxide  (2  UO  +  U2O3)  may  be  procured  by  heating 
the  protoxide  to  bright  redness,  and  suddenly  cooling,  or  by  igniting 
the  pernitrate  of  uranium.  It  furnishes  a  pure  and  intense  black, 
highly  prized  for  colouring  porcelain. 

The  Green  Oxide  (UO  +  U2O3)  is  procured  by  heating  the  black 
oxide  moderately  in  a  current  of  oxygen  or  in  the  open  air ;  by 
more  intense  ignition  it  becomes  re-converted  into  the  black  oxide, 
and  again  is  partially  re-oxidized  as  it  cools.  It  is  soluble  in  hot 
concentrated  sulphuric  acid,  but  does  not  form  distinct  salts. 

The  Sesquioxide  (UgOg)  performs  the  part  both  of  an  acid  and 
of  a  base.  It  is  with  difficulty  obtained  in  a  pure  state.  By 
exposing  the  peroxalate  of  uranium  to  the  sun^s  rays  a  brownish- 
violet  powder,  a  hydrate  of  the  green  oxide,  is  deposited,  while  car- 
bonic acid  makes  its  escape;  this  precipitate  absorbs  oxygen  on 
exposure  to  the  air,  and  becomes  converted  into  a  greenish-yellow 
mass,  which  according  to  Ebelmen  is  a  hydrate  of  the  sesquioxide 
(U2O3,  2aq).  The  sesquioxide  may  be  obtained  in  the  anhydrous  state 
as  a  brick-red  powder  by  heating  this  hydrate  to  a  temperature  not 
exceeding  572°  F.  Peroxide  of  uranium  combines  readily  with  acids, 
and  forms  salts  of  a  bright  yellow  colour.  If  an  attempt  be  made  to 
procure  the  peroxide  by  decomposing  the  solutions  of  these  salts  by 
the  addition  of  an  alkali,  an  insoluble  yellow  precipitate,  a  uranate 
of  the  base  falls,  which  cannot  be  decomposed  even  by  boiling  water: 
the  commercial  oxide  is  a  hydrated  uranate  of  ammonia,  from  which 
heat  expels  the  water  and  ammonia,  and  also  converts  the  peroxide 
into  the  black  or  the  green  oxide.  Its  compounds  with  the  earths, 
however,  stand  a  strong  heat  without  decomposition,  and  are  em- 
ployed to  communicate  a  beautiful  and  peculiar  yellow  to  glass. 

(620)  Protochloride  of  Uranium  (UCl)  is  a  green,  volatile  deli- 
quescent compound,  which  is  decomposed  by  water ;  the  method  of 
preparing  it  has  already  been  described  (618).    If  dry  hydrogen  gas 
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be  transmitted  over  the  protocliloride  of  uranium  while  it  is  being 
heated  to  redness  in  a  glass  tube^  a  subchloride  (U4CI3)  is  produced, 
which  crystallizes  in  slender  dark -brown  needles,  which  are  but 
slightly  volatile  j  they  are  very  soluble  in  water,  and  form  a  deep 
purple  solution.  Ammonia  throws  down  a  brown  suboxide,  which 
rapidly  absorbs  oxygen  from  the  air.  An  oxy chloride  (UgClOg),  or 
(2  U2O3  +  U2CI3),  is  formed  by  passing  chlorine  over  the  protoxide 
of  the  metal ;  it  is  deliquescent,  and  forms  a  yellow  solution  with 
water;  with  the  alkaline  chlorides  it  forms  remarkable  double  salts ; 
the  double  salt  with  chloride  of  potassium  consists  of  (KC1,U2C102  + 
2  aq)  and  crystallizes  in  rhombic  tables  of  a  greenish-yellow  colour. 

(621)  Characters  of  the  Compounds  of  Uranium. — i.  The 
salts  of  the  protoxide  of  uranium  have  a  green  colour,  and  have  a 
strong  tendency  to  form  double  salts  with  salts  of  the  alkaline  metals 
which  contain  the  same  acid  as  themselves.  Ammonia  and  the  alka- 
lies give  a  gelatinous,  blackish-brown  precipitate  of  hydrated  oxide, 
which  absorbs  oxygen  and  becomes  yellow  from  the  formation  of 
sesquioxide  of  uranium,  which  unites  with  the  excess  of  alkali.  Sul- 
phuretted hydrogen  produces  no  precipitate;  but  hydrosulphate  of 
ammonia  occasions  a  black  deposit  of  sulphide  of  uranium.  Oxalate 
of  ammonia  gives  a  greenish-white  precipitate  of  oxalate  of  uranium. 
Solutions  of  the  green  salts  of  uranium  rapidly  absorb  oxygen,  and 
are  converted  by  nitric  acid  into  persalts,  even  without  the  aid  of  heat. 

2.  The  salts  of  the  peroxide  are  yellow,  and  all  of  them  contain, 
even  when  crystallized  from  strongly  acid  solutions,  i  equiva- 
lent only  of  sesquioxide  to  i  equivalent  of  the  acid.  The  per- 
nitrate,  for  instance,  which  crystallizes  in  long  striated  prisms, 
consists  of  (U2O3,  NO5,  6  aq).  Numerous  double  salts  of  this 
oxide  have  also  been  formed :  the  persulphate  of  uranium  and 
potash  consists  of  (KO,  SO3  +  U2O3,  SO3  +  2  aq).  The  persalts  of 
uranium  give  with  ammonia  a  yellow  precipitate,  consisting  of 
uranate  of  ammonia ;  Avith  ferrocyanide  of  potassium  they  yield 
a  hair-brown  precipitate.  By  the  action  of  ammonia  they  are  distin- 
guished at  once  from  the  compounds  of  copper,  which  give  a  blue 
solution  on  the  addition  of  an  excess  of  ammonia,  though  they  yield  a 
precipitate  with  the  ferrocyanide  similar  in  colour  to  that  furnished 
by  the  salts  of  uranium.  Sulphuretted  hydrogen  produces  no  preci- 
pitate, but  hydrosulphate  of  ammonia  gives  a  yellowish-brown  sul- 
phide. Carbonates  of  the  alkalies  give  a  yellow,  granular  precipitate, 
soluble  in  excess  of  the  precipitant ;  these  precipitates  are  double 
carbonates  of  uranium  and  of  the  alkali  employed.  With  infusion 
of  nut  galls  a  dark-brown  precipitate  is  produced. 
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(622)  Estimation  of  Uranium. — Uranium  is  usually  estimated  in 
the  form  of  protoxide,  to  whicli  it  is  reduced  by  lieating  the  sesqui- 
oxide  to  redness  in  a  glass  tube  in  a  current  of  hydrogen ;  the  tube 
must  be  sealed  up  whilst  full  of  hydrogen,  and  weighed  in  this  con- 
dition, to  prevent  the  oxide  from  reabsorbing  oxygen  from  the  air. 

Uranium  is  separated  from  the  alkalies  by  converting  it  into  a 
persalt  by  nitric  acid,  if  not  already  in  that  condition,  and  then  pre- 
cipitating it  in  the  form  of  yellow  uranate  of  ammonia.  If  baryta, 
strontia,  lime,  or  magnesia  be  present,  the  addition  of  sulphuric  acid 
separates  the  first  two  bases  in  the  form  of  sulphates ;  if  lime  or 
magnesia  be  present,  the  solution  is  filtered  from  the  precipitate, 
the  filtrate  evaporated  to  dryness,  and  then  heated  with  alcohol  of 
specific  gravity  0*900 ;  the  sulphate  of  lime  and  magnesia  remain 
unacted  upon,  whilst  the  persulphate  of  uranium  is  dissolved. 

Alumina,  glucina,  zinc,  cobalt,  and  nickel,  may  be  separated 
from  uranium  by  adding  bicarbonate  of  potash  to  the  acidulated 
solution  :  a  double  carbonate  of  potash  and  uranium  remains  in 
the  liquid,  whilst  the  earths,  and  other  metallic  oxides,  are  preci- 
pitated. For  the  success  of  this  experiment  it  is  necessary,  if  the 
salts  of  ammonia  be  present,  that  they  should  be  expelled,  by  evapo- 
rating the  solution  to  dryness  and  igniting  the  residue  before  effect- 
ing the  precipitation  of  the  various  bases  with  bicarbonate  of  potash. 

§  VI.  Iron. 

Symbol,  Fe;  Equivalent,  28;  Specific  Gravity,  7.844. 

(623)  Condition  of  Iron  in  Nature. — Iron  is  more  extensively 
diffused  than  any  other  metal :  not  only  is  it  abundant  in  the  inor- 
ganic creation,  but  it  is  an  essential  constituent  in  the  blood  of  the 
vertebrate  animals. 

Iron  has  been  occasionally  found  in  the  native  form  accompany- 
ing the  ores  of  platinum  ;  but  when  it  occurs  in  the  metallic  state 
it  is  generally  met  with  in  meteoric  masses  associated  with  nickel, 
cobalt,  and  small  quantities  of  other  metals,  among  which  are  copper, 
manganese,  and  chromium.  Some  of  these  masses  which  have 
fallen  in  an  ignited  state  from  the  atmosphere  are  of  very  consi- 
derable size.  One  discovered  in  Siberia,  by  Pallas,  weighed  1600  lb., 
and  a  block  found  in  the  district  of  Chaco-Gualamba,  in  South 
America,  is  estimated  at  between  thirteen  and  fourteen  tons  weight. 
These  extraordinary  bodies  are  unimportant  as  sources  of  iron. 

The  ores  of  iron  are  numerous.  The  most  valuable  are  the 
following : — - 

I.  Magnetic  Iron  Ore  (FeO,  Fe203),  Sp.  Gr.  5*09,  or  loadstone; 
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this  is  found  in  enormous  masses^  or  even  mountains^  amongst  the 
primary  formations.  !Much  of  the  best  Swedish  iron  is  obtained 
from  this  material,  which  is  also  abundant  in  North  America. 
Occasionally  it  is  found  in  detached  octohedral  crystals. 

2.  Specular  Iron  Ore,  or  Fer  Oligiste,  Sp.  Gr.  5-2. — This  is  an 
anhydrous  sesquioxide  of  iron  (Fe203)  :  it  occurs  in  the  primary 
rocks.  The  principal  part  of  the  celebrated  Elba  iron,  and  also  a 
large  quantity  of  Russian  and  of  Swedish  iron,  are  obtained  from 
this  source. 

3.  Red  Hcemalite  ("FcgOg,  Sp.  Gr.  about  5*0),  is  another  form 
of  the  anhydrous  peroxide  :  it  is  sometimes  found  massive,  but  more 
generally  in  fibrous  crystalline  nodules.  This  ore  is  largely  raised 
in  Lancashire  and  in  some  parts  of  Cornwall. 

4.  Brown  Haematite  (2  FcaOg,  3  HO),  Sp.  Gr.  about  3*9. — 
This  is  a  hydrated  peroxide  of  iron,  which  generally  occurs  massive. 
It  is,  however,  also  met  with  in  the  oolitic  strata  in  some  parts  of 
France,  in  the  form  of  rounded  masses  termed  pea  iron  ore,  mixed 
with  a  small  proportion  of  clay.  Much  of  the  French  iron  is 
obtained  from  this  source.  Brown  haematite  is  readily  soluble  in 
hydrochloric  acid ;  it  is  less  refractory  in  the  furnace  than  the  pre- 
ceding variety,  which  is  seldom  worked  alone,  but  generally  in 
mixture  with  other  ores.  The  brown  haematite,  when  roasted 
becomes  porous  from  the  loss  of  its  water,  and  is  thus  renderet 
more  manageable.  Mixed  with  variable  proportions  of  earth  oi 
clay  this  oxide  of  iron  forms  the  varieties  of  umber  and  ochres. 
It  occurs  principally  in  the  secondary  and  tertiary  deposits. 

5.  Spathic  Iron,  or  Carbonate  of  Iron  (FeO,  CO2),  Sp.  Gr.  3*8. — 
This  is  found  in  crystalline  masses  often  combined  with  carbonate  of 
magnesia  and  with  a  considerable  proportion  of  manganese,  as  in  the 
Saxony  ores.  Much  of  the  so-called  natural  steel  is  made  from 
this  ore. 

6.  Clay  Ironstone  is  the  chief  source  of  the  enormous  quantity 
of  iron  manufactured  in  Great  Britain.  It  is  an  impure  carbonate 
of  iron,  containing  generally  from  30  to  '^^  per  cent,  of  metallic 
iron,  mingled  with  varying  proportions  of  clay,  oxide  of  manganese, 
lime,  and  magnesia.  This  argillaceous  ironstone  occurs  in  bands 
broken  up  into  nodules,  or  in  continuous  seams,  from  two  to  four- 
teen inches  thick,  alternating  with  beds  of  coal,  clay,  shale,  or 
limestone,  in  the  coal  measures  diffused  over  large  areas  in  South 
Staffordshire,  South  Wales,  and  some  other  parts  of  Great  Britain. 
It  is  also  found  in  the  United  States,  and  in  Bohemia  and  other 
countries  of  central  Europe.  It  has  a  specific  gravity  ranging 
between  27  and  3-4. 
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7.  The  Black  Band  of  the  Scotch  coal  fields  is  also  a  carbonate 
of  iron,  but  the  principal  foreign  matter  in  this  mineral  is  of  a 
bituminous  or  combustible  nature. 

8.  A  siliceous  ironstone,  occurring  in  the  oolite  in  the  neigh- 
bourhood of  Northampton,  has  been  found  to  a  large  extent,  and 
is  now  beginning  to  be  worked. 

9.  Another,  but  comparatively  an  unimportant  ore,  of  a  brown 
colour,  known  as  bog-iron  ore,  is  a  mixture  of  hydrated  peroxide 
and  of  phosphate  of  iron  in  variable  proportions.  It  occurs  in 
marshy,  alluvial  districts,  near  the  surface. 

Iron  pyrites  (FeSg),  though  a  very  abundant  mineral,  is  wrought 
inly  for  the  sake  of  its  sulphur,  as  the  iron  which  it  furnishes  is 
iot  pure  enough  for  use. 

Smelting  of  Clay  Ironstone. 

(624)  After  the  ore  has  been  broken  up  into  masses  about  the 
size  of  two  fists,  it  is  roasted,  in  order  to  expel  water  and 
carbonic  acid  ;  the  mass  is  thus  left  in  a  porous  state,  highly 
ivourable  to  its  subsequent  reduction  in  the  furnace.  The  roast- 
ing is  sometimes  performed  in  kilns,  but  usually  in  heaps  in  the 
open  air.  If  this  operation  is  to  be  effected  in  the  open  heap,  a 
plat  of  ground  is  levelled  and  covered  with  a  layer  of  coal  in  lumps 
■  o  the  depth  of  ten  or  twelve  inches  ;  this  is  succeeded  l)y  alternate 
layers  of  the  mineral  and  of  small  coal.  The  quantity  of  coal 
required  in  the  case  of  the  black  band  is  often  very  small,  as  the 
ore  itself  frequently  contains  sufficient  inflammable  matter  to  con- 
tinue burning  when  once  well  lighted.  The  heap,  when  finished, 
is  fourteen  or  fifteen  feet  wide,  eight  or  ten  high,  and  of  great 
length.  The  fire  is  kindled  at  the  windward  extremity,  and  allowed 
to  spread  gradually  through  the  mass.  This  preliminary  operation 
occupies  some  months  for  its  completion.  The  roasted  ore  is  then 
ready  for  the  smelting.  The  blast  furnace  employed  for  this  pur- 
pose is  represented  in  section  in  fig.  305.  The  internal  cavity  in 
shape  resembles  a  long  narrow  funnel  inverted  upon  the  mouth  of 
another  shorter  funnel.  These  furnaces  are  usually  about  50  feet 
high,  and  from  14  to  17  feet  in  diameter  in  the  widest  part  of 
the  cavity.  The  lowest  portion,  f,  or  neck  of  the  funnel,  is  termed 
the  crucible,  and  is  made  of  very  refractory  gritstone.  In  the  front, 
eight  or  ten  inches  from  the  floor  or  hearth,  h,  is  a  longitudinal 
aperture  above  the  tymp-stone,  l,  for  the  overflow  of  the  slag,  and 
on  the  sides  are  the  opening  for  the  tuyeres,  i  i,  or  blast-pipes, 
which  are  connected  with  powerful  blowing  machines  for  supplying 
air  under  a  pressure  of  from  two  to  three  po^onds  upon  the  inch. 
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A  steady  and  most  intense  heat  is  thus  uniformly  maintained. 
At  the  lowest  point  of  the  furnace  is  the  tap-hole,  for  drawing  off 
the  melted  metal  at  suitable  intervals,  and  which,  except  at  such 
times,  is  closed  with  sand  and  clay :  k  k,  are  galleries,  which  allow 
the  workmen  free  access  to  the  tuyeres  and  lower  portion  of  the 
furnace,  the  base  of  which  is  kept  dry  and  well  drained  by  the  arched 
channels,  m.      Above  the 

crucible  the  furnace  sud-  ^  ^^'  S^o* 

denly  widens,  forming  the 
boshes y  D ;  the  lining,  c, 
is  formed  of  fire-bricks, 
which  are  continued  up 
to  the  throat,  a,  of  tlie 
furnace :  the  whole  is 
cased  in  solid  masonry, 
E  E,  and  supported  by 
iron  bands.  When  work- 
ing regularly,  such  a  fur- 
nace is  charged  through 
the  opening,  b,  near  the 
top,  at  intervals,  first  with 
coal,  and  then  with  a  suit- 
able mixture  of  roasted 
ore  and  of  a  limestone 
flux  broken  into  small 
fragments.  As  the  fuel 
burns  away,  and  the  mate- 
rials gradually  sink  down, 
fresh  layers  of  fuel,  and 
of  ore,  are  added ;  so 
that  the  furnace  becomes 
filled  with  alternate  layers  of  fuel  and  of  ore. 

The  principal  substances  which  are  acted  upon  in  such  a  furnace 
are  the  following  : — 

ist.  The  oxygen  contained  in  the  air  of  the  blast ;  2nd,  the 
roasted  ore, — consisting  of  o^ide  of  iron,  silica  in  the  shape  of 
sand  or  quartz,  clay  or  silicate  of  alumina,  and  a  little  magnesia 
and  oxide  of  manganese ;  3rd,  coal  or  coke, — composed  chiefly  of 
carbon,  with  a  small  proportion  of  hydrogen ;  and  4th,  carbonate 
of  lime,  which  in  the  heat  of  the  furnace  soon  becomes  quick  lime. 

{62^)  The  chemical  changes  may  be  traced  as  follows,  beginning 
at  the  bottom  of  the  furnace  : — The  oxygen  contained  in  the  air 
of  the  blast,  as  soon  as  it  comes  into  contact  with  the  fuel  in  the 
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crucible^  combines  with  the  carbon  and  forms  carbonic  acid, 
attended  with  a  combustion  of  intense  activity.  The  blast  is  thus 
soon  deprived  of  all  its  free  oxygen;  nearly  the  whole  of  the 
nitrogen  escapes  unchanged,  but  the  carbonic  acid,  in  its  passage 
over  the  ignited  fuel,  is  decomposed ;  it  combines  with  an  addi- 
tional equivalent  of  carbon,  and  becomes  converted  into  carbonic 
oxide  ;  for  each  volume  of  carbonic  acid  2  volumes  of  carbonic 
oxide  are  produced.  This  formation  of  carbonic  oxide  is  attended 
with  a  large  absorption  of  heat,  so  that  the  temperature  of  the 
furnace,  above  the  crucible,  becomes  rapidly  reduced,  and  a  quan- 
tity of  highly   combustible  gas  is  thus   formed.*      This   carbonic 


*  Bunsen  and  Playfair,  in  their  examination  of  the  gases  produced  in  a  hot 
blast  furnace  at  Alfreton,  found  that  a  considerable  amount  of  cyanide  of 
potassium  was  formed  in  the  hotter  portions  of  the  furnace  {British  Associa- 
tion Heports,  1845,  p.  182):  part  of  the  nitrogen,  derived  probably  both  from 
the  blast  and  from  the  coal,  had  therefore  entered  into  combination  with 
carbon,  and  had  united  with  the  potassium  contained  in  small  quantities  in 
the  ore  and  in  the  ashes  of  the  coal. 

The  furnace  in  -which  these  experiments  were  made  was  40  feet  deep 
from  the  top  of  the  charge  to  the  hearthstone,  and  was  charged  every  twenty 
minutes  with  420!!)  of  ironstone,  390!^  of  coal,  and  170ft)  of  limestone:  each 
charge  yielded  140ft)  of  pig  iron.  The  blast  was  under  a  pressure  of  6*75 
inches  of  mercury. 

These  chemists  state  that  at  a  depth  of  two  feet  and  three-quarters  from 
the  tuyere,  or  34  feet  from  the  top  of  the  furnace,  the  gases  which  they  collected 
contained  1*34  per  cent,  of  cyanogen.  The  following  table  furnishes  a 
summary  of  the  results  which  they  obtained : — 


Analysis  of 

Gases  from  a  Hot-blast  Furnace. 

Depth  from  the  top 

5  feet. 

8 

14 

17 

30 

34 

34 

Height  from  tuyere  . 

3a 

39 

33 

30 

17 

13 

^1 

Nitrogen      .... 

5535 

54-77 

50-95 

55-49 

60-46 

56-75 

58o5 

Carbonic  acid  .     .     . 

-7-77 

943 

9-IO 

13-43 

IO-83 

10-08 

o-oo 

Carbonic  oxide     .     . 

25-97 

30-34 

19-33 

18-77 

19-48 

35-19 

37-43 

Light  Carb.  Hydn.   . 

3-75 

8-33 

6-64 

4-31 

4-40 

3-33 

o-oo 

Hydrogen    .... 

<5-73 

6-49 

13-43 

7-63 

4-83 

5-65 

3-18 

Olefiantgas     .     .     . 

0-43 

0.85 

1-57 

1-38 

0-00 

o-oo 

o-oo 

Cyanogen    .... 

o-oo 

o-oo 

0-00 

o-oo 

0-00 

trace 

1-34 

loo-oo 

lOO'OO 

loo-oo 

loo-oo 

loo-oo 

loo-oo 

100-00 

The  process  of  coking,  which  takes  place  in  the  upper  part  of  the  furnace, 
did  not  appear  to  be  complete  until  the  charge  had  reached  a  depth  of  24  feet, 
but  was  most  active  at  a  depth  of  14  feet ;  the  principal  reduction  of  the  ore 
seemed  to  occur  just  below  the  point  at  which  the  coking  w^as  completed  ;  the 
maximum  heat  of  this  furnace  occurring  between  about  3  and  4  feet  above  the 
tuyere,  or  32  feet  from  the  top. 

In  a  furnace  fed  with  charcoal,  Bunsen  found  the  reduction  of  the  ore  to 
commence  nearer  the  throat  of  the  furnace  ;  as  in  this  case  no  absorption  of 
heat  occurred  similar  to  that  occasioned  by  the  process  of  coking  the  coal, 
which  takes  place  in  the  upper  part  of  the  hot-blast  furnace.  The  body  of  a 
charcoal  furnace  consequently  does  not  require  to  be  so  high  as  that  of  a 
furnace  in  which  coal  is  used.  Similar  experiments  by  Ebelmen  lead  to  con- 
clusions substantially  the  same. 


THEORY    OF    THE    BLAST    FCJRXACE.  875 

oxide  becomes  mingled  with  carburetted  hydrogen  and  free  hydro- 
gen, which  are  derived  from  the  fuel  contained  in  the  upper  part 
of  the  charge,  as  it  gradually  descends  towards  the  focus  of 
intense  heat  below.  A  proportion  of  the  gases  which  escape  from 
the  opening  at  the  top  of  the  furnace,  varying  from  35  to  40  per 
cent.,  is  combustible  ;  the  remainder  consists  principally  of  nitrogen, 
with  a  small  amount  of  carbonic  acid.  The  ore  having  been 
rendered  porous  by  the  previous  roasting,  is  easily  penetrated  by 
these  ascending  gases,  by  contact  with  which  the  iron  becomes 
reduced  in  the  upper  part  of  the  boshes,  where  the  heat  is  com- 
paratively moderate.  By  degrees  the  reduced  metal,  mixed  with 
the  earthy  matter  of  the  ore,  sinks  down  to  the  hotter  region. 
Here  the  earthy  matters  melt  and  become  vitrified;  whilst  the 
iron,  in  a  minutely  divided  state,  being  brought  into  contact  with 
the  carbon  of  the  fuel,  combines  with  it  and  forms  the  fusible 
compound  well  known  as  cast-iron.  This  carbide  of  iron  melts, 
sinks  down  below  the  tuyeres  through  the  lighter  vitrified 
slags,  and  is  protected  by  them  from  the  further  action  of  oxygen. 
The  bulk  of  the  slag  is  five  or  six  times  as  great  as  that  of  the 
iron  produced :  it  floats  above  the  melted  metal,  and  is  allowed  to 
flow  over  continually  at  the  opening  left  for  the  purpose ;  whilst  the 
iron  is  run  off"  at  intervals  of  12  or  24  hours,  by  withdrawing  the 
stopping  of  clay  or  sand  from  the   tap-hole  at  the  bottom. 

The  furnace  slags  constitute  an  imperfect  species  of  glass, 
consisting  principally  of  silicates  of  lime,  magnesia,  and  alumina, 
with  generally  a  small  proportion  of  silicate  of  manganese.  In 
the  formation  of  these  slags  the  siliceous  matters  of  the  ore  act 
like  a  true  acid,  as  they  combine  with  the  earthy  bases,  lime, 
magnesia,  and  alumina,  and  really  neutralize  them. 

The  general  composition  of  these  slags  may  be  seen  from  the 
subjoined  analysis,  by  Berthier,  of  a  slag  from  Merthyr  Tydvil : — 

Silica         40*4 

Lime         38*4 

Magnesia 5*2 

Alumina 11  "2 

Oxide  of  Iron ^'S 

Sulphur traces 

99-0 

The  composition  of  this  slag  may  therefore  be  represented 
by  the  formula,  5  [3(CaMgre)0,  2  SiOg]  +  2  (AlgOg,  SiOa). 

The  iron  as  it  runs  from  the  furnace,  howe^ier,  is  not  a  pure 
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carbide  or  carburet,  for  in  the  intense  beat,  not  only  is  the  iron 
reduced,  but  portions  also  of  silicon,  aluminum,  and  calcium,  and 
occasionally  other  bodies,  derived  from  the  flux  and  from  the  fuel. 
These  bodies  enter  in  minute  quantity  into  combination  with  the 
iron,  the  properties  of  which  they  materially  modify.  Manganese 
generally  accompanies  the  ores  of  iron  in  greater  or  less  quantity, 
and  frequently  combines  with  the  reduced  metal. 

There  are  several  points  which  require  nice  adjustment  in  this 
process  of  reduction.  The  slag  must  not  be  of  too  fusible  a  description, 
otherwise  the  iron  falls  to  the  bottom  before  it  has  thoroughly  com- 
bined with  the  carbon,  and  is  not  completely  melted ;  a  sufficiency 
of  lime  should  always  be  present  to  neutralize  the  whole  of  the  silica, 
for  unless  this  be  attended  to  a  silicate  of  iron  is  formed,  and  runs  off 
in  waste.  Indeed,  a  small  excess  of  lime  is  advantageous,  as  it 
removes  sulphur,  if  present,  in  the  shape  of  sulphide  of  calcium. 
At  the  same  time  the  calcareous  matter  must  not  be  too  abun- 
dant, otherwise  the  working  of  the  furnace  is  obstructed;  the 
slags  which  are  formed  being  of  a  less  fusible  character  are  but 
imperfectly  melted,  the  iron  is  entangled  within  them,  it  is  again 
partially  oxidated  by  the  blast,  and  the  product  of  the  furnace  is 
greatly  diminished.  Experience  has  shown  that  the  slags  are 
most  fusible  when  the  oxygen  of  the  silica  amounts  to  double 
that  in  the  bases  with  which  it  is  combined  ;  and  slags  contain- 
ing several  bases  are  more  fusible  than  when  one  or  two  only 
are  present,  the  different  silicates  aiding  the  fusibility  of  each 
other. 

It  is  also  necessary  to  proportion  the  supply  of  air  rightly; 
if  too  much  be  thrown  in,  the  furnace  becomes  unduly  cooled ;  if  too 
little,  the  supply  of  oxygen  is  insufficient  for  the  maintenance  of 
a  proper  temperature  by  a  due  amount  of  combustion.  These, 
however,  are  points,  the  successful  regulation  of  which  can  only  be 
acquired  by  experience. 

The  stream  of  air  for  the  blast  is  not  supplied  in  intermitting 
gusts,  but  is  equalized  as  much  as  possible :  where  the  cold  blast  is 
used  this  object  is  attained  by  employing  an  air  chamber  or 
reservoir ;  and  where  the  hot  blast  is  employed,  the  long  pipes 
required  for  heating  the  air  answer  the  same  purpose. 

(626)  The  Hot  Blast. — The  mass  of  air  which  passes  through 
one  of  these  furnaces  is  enormous,  being  not  less  than  6  tons 
weight  per  hour.  It  is  evident,  therefore,  that  this  immense 
volume  of  air  must  exercise  an  extraordinary  cooling  effect  upon 
the  contents  of  the  furnace.     This  evil  has  been  much  reduced  of 
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late  years  by  the  introduction  of  air  which  has  been  previously 
heated.  In  this  contrivance_,  which  is  known  as  the  hot  blast j  the 
air,  before  it  reaches  the  furnace,  is  made  to  pass  through  a  series 
of  pipes  which  are  maintained  at  a  high  temperature,  either  by 
means  of  a  separate  furnace,  or  by  a  portion  of  the  waste  heat  of 
the  blast  furnace  itself:  in  the  latter  case  the  hot  gases  are  con- 
veyed through  flues  which  pass  from  the  upper  part  of  the  furnace 
into  the  chamber  which  contains  the  pipes ;  the  necessary  draught 
being  maintained  by  a  chimney  furnished  with  a  damper.  Fig. 
306  shows  the  plan  adopted  by  Mr.  Budd  of  the  Ystalyfera  Works, 

Fig.  306. 


South  Wales,  for  applying  the  waste  gases  of  the  furnace  to  the 
heating  of  the  blast.  In  No.  i,  a  represents  a  section  of  the  blast 
furnace,  b  one  of  the  tubes  which  carries  off  the  heated  gases  into  a 
brickwork  chamber  m,  /,  shown  in  cross  section  in  No.  1,  and  in 
longitudinal  section  in  No.  2  ;  d  d  are  pipes  through  which  the  blast 
is  forced,  in  order  that  it  may  be  heated  ;  it  enters  the  heating 
apparatus  through  i  i,  passes  through  the  pipes  g  and  h  into  d  d, 
and  makes  its  escape  in  a  heated  condition  through  the  pipes  k  k 
to  the  tuyeres  1^  i,  fig.  305.     The  gases  from  the  furnace  take  the 

3i. 
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course  indicated  "by  the  arrows,  tlirough  tlie  cliamber,  and  escape  by 
the  chimney  e,  which  is  surmounted  by  a  damper,  n  ;  /  is  a  man- 
hole, which  is  opened  only  when  it  is  necessary  to  enter  the  chamber 
for  the  performance  of  repairs.  A  jet  of  the  escaping  blast  should 
have  a  temperature  sufficiently  high  to  melt  a  strip  of  lead  when  held 
in  it.  The  temperature  of  such  a  jet,  as  it  issues  from  the  tuyere,  is 
somewhat  higher  than  600°  F.  The  saving  of  fuel  effected  by  the 
employment  of  the  hot  blast  is  immense,  and  is  much  greater  than 
was  at  first  anticipated :  2!  tons  of  coal  are  now  amply  sufficient 
for  the  production  of  a  ton  of  iron,  from  ore  which  would  have 
required  8  tons  when  the  cold  blast  was  used.  This  saving  is 
effected  owing  to  the  operation  of  several  causes,  one  of  which  is, 
that  raw  coal  may  now  be  used  in  the  furnace  instead  of  coke : 
moreover,  as  a  smaller  quantity  of  fuel  is  required  in  the  furnace  to 
raise  the  injected  air  to  the  necessary  temperature,  so  also  a  smaller 
quantity  of  air  is  needed  to  maintain  the  combustion  :  the  maximum 
heat  of  the  furnace  is  obtained  lower  down  in  the  "  crucible,^^  so 
that  the  upper  portions  of  the  furnace  do  not  become  so  intensely 
heated :  the  reduction  of  the  ore  consequently  takes  place  nearer 
to  the  bottom,  and  the  heat  is  thus  concentrated  and  economized. 
In  the  year  1 845,  the  hot  blast  was  used  in  every  furnace  in  Scot- 
land, with  the  exception  of  one  at  the  Carron  Works,  and  it  was 
computed  that  the  change  from  the  cold  to  the  hot  blast  had 
effected  a  saving  of  coal  in  that  country  alone  amounting  to 
2,000,000  tons  annually.  [North  Brit.  Review,  No.  vii.,  p.  128.) 
Even  in  a  hot  blast  furnace,  however,  the  quantity  of  fuel  which  is 
wasted  is  enormous.  MM.  Bunsen  and  Play  fair,  from  their  elabo- 
rate experiments  at  Alfreton,  make  the  almost  incredible  estimate 
that  somewhat  more  than  |ths  of  the  total  quantity  of  heat  pro- 
ducible from  the  fuel  consumed  is  lost,  owing  to  the  escape  of 
unburned  combustible  matter  in  the  form  of  gases,  such  as  carbonic 
oxide,  carburetted  hydrogen,  and  hydrogen,  which  are  still  fit  for 
use.  Since  the  publication  of  these  researches,  Mr.  Budd  and 
other  iron-masters  have  economized  a  portion  of  the  heat  contained 
in  the  escaping  gases,  in  heating  the  blast,  and  in  generating  steam. 
The  iron  obtained  by  the  use  of  the  hot  blast  is  inferior  in 
tenacity  to  cold  blast  iron;  a  circumstance  which  is  easily 
accounted  for  by  the  fact,  that  in  the  employment  of  the  hot  blast 
uncoked  coal  is  used,  a  fuel  which  contains  more  sulphur,  and  pro- 
bably also  more  phosphorus  than  coke,  which  is  required  in  working 
with  the  cold  blast.  Mr.  Grace  Calvert,  of  Manchester,  has 
recently    introduced    a    method    of    purifying    the    fuel,    which 
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promises  considerably  to  ameliorate  the  quality  of  pig-iron,  by 
diminishing  the  quantity  of  sulphur  which  it  is  liable  to  retain. 
It  enables  him  also  to  employ  coal  which,  on  account  of  the  large 
proportion  of  pyrites  which  it  contains,  could  not  formerly  be  used 
for  iron  smelting.  His  process  consists  in  mixing  from  i  to  22  per 
cent,  of  chloride  of  sodium  with  the  coal  previous  to  coking,  the 
proportion  of  the  salt  being  varied  according  to  the  quantity  of 
pyrites  present  in  the  coal.  He  has  also  found,  that  if  the  same 
proportion  of  chloride  of  sodium  be  added  to  the  raw  coal,  and  the 
mixture  be  charged  at  once  into  the  blast  furnace,  results  are 
obtained  almost  equally  satisfactory.  The  sulphur  appears  to  be 
expelled  in  the  form  of  chloride  of  sulphur. 

A  furnace  in  full  work  requires  an  hourly  supply  of  rather 
more  than  1 1  tons  of  solid  material,  consisting  on  an  average  of 
5  parts  of  coal,  5  of  roasted  ore,  and  2  of  limestone.  The  roasted 
clay  iron  ore  yields  on  an  average  40  per  cent,  of  iron,  and  each 
furnace  when  in  full  activity  furnishes  from  8  to  10  tons  of  metal  in 
the  24  hours.  Every  morning  and  evening  it  requires  to  be  tapped : 
on  these  occasions  the  iron  is  run  into  shallow  grooves  in  the  sand, 
and  forms  the  cast-iron,  or  pig-iron  of  commerce.  A  good  fur- 
nace if  well  managed  may  be  made  thus  to  work  uninterruptedly 
without  repair  for  many  years.* 

(627)  Composition  and  Properties  of  Cast-iron.  —  Cast-iron 
differs  greatly  in  quality ;  the  differences  observed  in  it  depend  in 
part  upon  differences  in  the  proportion  of  carbon  and  silicon  which 
it  contains.  The  composition  of  these  carbides  differs  greatly  within 
certain  limits;  but  it  does  not  appear  that  iron  is  capable  of 
combining  with  more  than  about  5  per  cent,  of  carbon.  A  com- 
pound of  carbon  having  the  composition  of  Fe^C  would  consist  of 
94*92  of  iron,  and  5*08  of  carbon  ;  and  this  is  very  nearly  the 
composition  of  the  hardest  kind  of  white  cast-iron,  which  from  the 
circumstance  of  its  crystallizing  in  flat,  brilliant  tables,  is  termed 
by  the  Germans  spiegeteisen  (or  mirror  iron).  Faraday  and  Stodart 
found  the  most  highly  carburetted  iron  which  they  could  produce, 
to  consist  of — iron,  94* 3 6  ;  carbon,  5 '64.  In  many  varieties  of 
cast-iron  the  carbon  exists  in  two  distinct  forms, — one  portion 
being  chemically  combined  with  the  metal,   the  other  being  me- 


*  The  production  of  iron  in  Great  Britain  in  1851,  amounted  to  about 
2,500,000  tons.  It  was  stated  in  1845  {North  British  Review,  Nov.,  1845, 
p.  134),  on  tlie  authority  of  Mr.  Goldenber^^,  of  Berlin,  that  the  production 
of  iron  in  different  countries  in  Europe  was  then  as  follows.  England  i ,500,000 
tons,  France  350,000,  Russia  320,000,  Germany  150,000,  Austria  100,000, 
Belgium  100,000,  Sweden  80,000,  and  various  other  countries  50,000  tons. 
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clianically  diffused  through  it  in  the  condition  of  graphite,  the 
scales  of  which  may  be  distinctly  seen  with  a  magnifying  lens, 
when  the  surface  of  a  freshly  fractured  bar  is  examined.  These 
scales  remain  unacted  upon  when  the  metal  is  dissolved  in  dilute 
acids ;  the  combined  carbon  under  such  circumstances  unites  with 
hydrogen,  and  forms  an  oily  looking  liquid  of  ill  odour.  In  addi- 
tion to  carbon,  cast-iron  also  contains  silicon,  the  proportion  of 
which  is  equally  liable  to  variation  ;  the  quantities  of  silicon  which 
have  been  found  in  pig-iron  range  between  3*5  and  0-25  per  cent. 
The  following  table  will  serve  to  illustrate  the  general  com- 
position of  some  varieties  of  cast-iron  : — 
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Specific  gravity 

7'43 
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In  commerce  there  are  three  principal  varieties  of  cast-iron, 
known  respectively  as  Nos.  i,  2,  and  3.  No.  1  is  called  grey  cast- 
iron  j  No.  2,  mottled  cast-iron ;  and  No.  3,  white  cast-iron.  The  first 
two  are  soft,  and  contain  carbon  disseminated  in  an  uncombined 
form  through  the  mass.  Grey  cast-iron  is  soft ;  it  may  be  filed, 
drilled,  and  turned  in  the  lathe,  and  though  somewhat  less  fusible 
than  the  white,  is  preferred  for  casting,  since  when  melted  its 
liquidity  is  more  perfect.  This  variety  is  that  which  is  generally 
produced  from  a  furnace  in  good  working  order ;  if  cooled  suddenly, 
it  is  often  converted  into  white  cast-iron.  The  fracture  of  the 
mottled  variety  is  in  large  coarse  grains,  among  which  points  of 
graphite  are  distinctly  visible.  White  cast-iron  contains  about  the 
same  amount  of  carbon  as  the  mottled-iron,  but  the  whole  of  the 
carbon  appears  to  be  chemically  combined  with  the  metal.  The 
white  variety  is  more  fusible  than  either  of  the  others,  is  lighter  in 
colour,  very  hard  and  brittle,  and  has  a  lamellar  crystalline  fracture. 
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White  cast-iron  seems  in  some  cases  to  owe  its  colour  to  the  pre- 
sence of  manganese.  If  white  iron  be  melted,  and  allowed  to  cool 
very  gradually,  a  portion  of  the  carbon  crystallizes  out  as  graphite, 
and  grey  cast-iron  is  produced.  In  the  process  of  casting  heavy 
articles  this  carbon  separates,  and  is  thrown  off  in  the  form  of 
brilliant  scales,  termed  by  the  casters  kish.  The  peculiar  value  of 
iron  for  castings  depends  upon  its  property  of  expanding  at  the 
moment  of  solidification.  It  thus  furnishes  an  admirable  material 
for  taking  the  most  minute  impressions,  as  is  well  exemplified  in 
the  beautiful  castings  obtained  from  Berlin. 

Small  articles  made  of  cast-iron,  such  as  key  blocks,  stirrup 
irons,  &c.,  may  be  rendered  malleable  by  packing  them  in  pow- 
dered haematite,  then  heating  them  to  redness  for  some  hours,  and 
allowing  them  to  cool  very  slowly.  In  this  case  the  oxygen  of  the 
oxide  removes  a  portion  of  the  carbon,  by  a  process  of  cementation 
the  reverse  of  that  which  takes  place  during  the  manufacture  of 
steel :  the  carbon  is  gradually  removed  from  the  outer  layer  of  the 
metal,  and  is  slowly  transmitted  from  particle  to  particle  through 
the  solid  bar,  till  it  reaches  the  surface,  where  it  undergoes  oxida- 
tion at  the  expense  of  part  of  the  oxygen  of  the  hsematite.  The 
annexed  analyses  contain  the  results  furnished  by  a  sample  of  iron 
both  before  and  after  it  had  been  thus  treated.  The  cast-iron  was 
obtained  from  the  Lancashire  brown  haematite  : — 
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Conversion  of  Cast-Iron  into   Wrought -Iron. 

(628)  Refining. — The  pig-iron  as  delivered  from  the  furnace  is, 
as  already  noticed,  far  from  pure :  it  contains  variable  quantities  of 
carbon,  silicon,  sulphur,  and  phosphorus,  besides  traces  of  other 
metals,  such  as  aluminum,  calcium,  and  potassium.  Before  it  can 
be  converted  into  the  wrought-iron  of  commerce,  it  lias  to  undergo 
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a  process  for  the  removal  of  these  extraneous  matters.  Many 
castings  may  be  made  at  once  with  pig-iron,  but  it  cannot  be 
"worked  at  the  forge. 

To    effect  the  purification  of  the  crude  pig-iron,  it  is  neces- 
sary to  expose  it  to  the   regulated   action   of  oxygen  at   a   high 
temperature,  in  order  gradually  to  burn  off  these   oxidizable   sub- 
stances, and  leave  the  iron.      The  pig-iron  is  usually  first  remelted 
in  quantities  of  from  25  to   30  hundred  weight,  upon  the  hearth 
of  a  sort  of  forge,  termed  the  finery  or  refinery ;  the  fire  of  which 
is  animated  by  a  double  row  of  blast  pipes.      The   metal   thus 
loses  from  12  to  16  per  cent,  of  its  w^eight ;  part  of  the  carbon 
burns  off  as  carbonic  oxide ;    the  silicon   becomes  converted  into 
silica  by  the  absorption  of  oxygen,    and   a  portion   of  the   iron 
forms  oxide,  which  unites  with  the  oxidized  silicon,  and  with  the 
sand  which  adhered  to  the  surface  of  the  cast  metal :  a  fusible  slag 
consisting  of  a  silicate  of  protoxide  of  iron  containing  a  large  excess 
of  oxide  of  iron  is  thus  produced  (2  FeO,  SiOa).      The  excess  of 
oxide  of  iron  in  this  slag  again  reacts  upon  the  melted  metal,  and 
by  imparting  a  portion  of  its  oxygen  to  the  carbon  and  silicon  dis- 
seminated through  the  mass,  burns  off  an  additional  quantity  of 
these  substances.    The  melted  iron  is  then  run  off  and  formed  into 
a  flat  cake,  2  or  3  inches  thick,  and  as  soon  as  it  begins  to  solidify  it 
is  suddenly  cooled  by  pouring  w  ater  upon  it ;  a  hard,  w^liite,  brittle 
mass  is  thus  obtained,  which   is   broken   up   into  fragments.     In 
this  operation  coke  is  the  combustible  generally  made  use  of,  but 
where  iron  of  superior  quality  is  required,   as  in  making  tinplate, 
charcoal  is  employed.      Ordinary  coke  contains  sulphur  and  earthy 
impurities  which  injure  the  quality  of  the  iron.      Portions  of  sul- 
phur and  phosphorus  are  also  separated  by  oxidation  in  this  process, 
and  accumulate  in  the  slag. 

(629)  Puddling. — The  refined  metal  still  retains  a  considerable 
proportion  of  carbon  and  some  silicon.  In  order  to  remove 
them  it  is  next  introduced,  in  charges  of  from  four  to  five  hundred 
weight,  into  the  puddling  furnace.  This  consists  of  a  reverbera- 
tory  furnace,  connected  with  a  chimney  of  40  or  50  feet  in 
height,  and  capable  of  producing  a  powerful  draught,  which  is 
under  complete  command  by  means  of  a  damper.  Fig.  307,  repre- 
sents a  section  of  the  puddling  furnace :  a,  is  the  bed,  or  hearth, 
upon  which  the  iron  for  puddling  is  placed ;  b,  is  the  fire-place  with 
the  aperture  for  stoking,  which  is  closed  with  coal  and  not  by  a 
door,  as  usual  in  most  furnaces ;  g,  is  the  bridge  which  separates 
the  fuel  from  the  metal :  the  hearth,  a,  is  lined  with  cast-iron 
plates,  E  E,  w4nch  are  prevented  from  melting  by  the  free  circula- 


PUDDLING. 


883 


tion  of  air  beneath  them  ;  c  is  the  flue  leading  to  the  cliimney,  d, 
at  the  top   of  which  the   damper   is   shown ;  h  is  the  plate  upon 

Fig.  307. 


which  the  iron  rests  during  the  puddling  process ;  it  is  protected 
from  the  heat  by  a  coating  of  slag ;  f  is  the  working  door  of  the 
furnace;  and  i  is  the  flosshole,  or  aperture  through  which  the 
slags  are  removed  from  the  hearth. 

The  refined  iron  is  often  mixed  with  a  certain  proportion  of 
scales  of  oxide  from  the  forge,  and  is  then  gradually  brought 
into  complete  fusion,  carefully  avoiding  the  contact  of  fuel.  The 
mass  is  well  stirred,  so  as  to  incorporate  the  oxide  of  iron  with 
the  melted  metal ;  oxygen  is  transferred  from  the  oxide  thus  in- 
troduced, to  the  carbon  of  the  melted  iron,  and  carbonic  oxide 
is  formed  abundantly.  An  appearance  of  boiling  begins  to  show 
itself  owing  to  the  escape  of  the  carbonic  oxide  in  jets,  which  take 
fire  and  burn  with  a  blue  flame :  by  degrees  the  metal  becomes 
less  fusible  as  the  carbon  diminishes  in  quantity,  and  at  length  it 
is  converted  into  a  granular,  sandy  mass.  The  heat  is  now  raised 
till  it  becomes  very  intense,  and  air  is  carefully  excluded  by  closing 
the  damper  and  doors.  The  metal  again  begins  to  soften  and 
agglomerate.  The  puddler  gradually  collects  it  into  balls  or 
blooms  upon  the  end  of  an  iron  rod ;  he  then  removes  it  from  the 
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furnace  in  masses  of  about  f  of  a  hundred  weighty  and  subjects  it^ 
whilst  still  intensely  hot_,  to  the  action  either  of  a  massive  hammer^ 
or  a  powerful  press,  called  the  shinglwg  press.  The  melted  slag 
is  thus  forcibly  squeezed  out,  the  particles  of  metal  are  brought 
nearer  together,  and  the  density  is  increased.  The  iron  is  then 
fashioned  into  a  bar  by  passing  it  between  grooved  rollers,  and 
the  bar  thus  obtained  is  cut  into  lengths,  then  piled  up  in  a  rever- 
beratory  furnace  and  re-heated;  it  is  again  rolled,  doubled  upon 
itself,  and  re-heated  and  rolled.  Upon  the  best  qualities  of  iron 
this  process  is  repeated  several  times,  in  order  to  render  its  fibres 
parallel  to  each  other,  by  which  the  toughness  of  the  metal  is 
much  increased.  The  iron  is  now  nearly  pure ;  it  contains  from 
T^uth  to  ^iirth  of  its  weight  of  carbon,  and  about  3^oth  of  silicon. 
The  presence  even  of  this  small  proportion  of  carbon  adds  mate- 
rially to  the  toughness  and  hardness  of  the  metal.  The  process 
of  puddling  occupies  about  two  hours ;  and  provided  it  has  been 
properly  refined  previously,  the  metal  loses  9  or  10  per  cent,  of 
its  weight. 

The  slag  produced  during  the  operations  of  puddling  and  re- 
fining  consists  chieflj^  of  a  basic  silicate  of  the  protoxide  of  iron, 
and  contains  upwards  of  60  per  cent,  of  the  metal.  This  slag  or 
finery  cinder  is  reduced  in  the  blast  furnace  in  the  same  manner  as 
the  original  ore,  but  it  is  always  found  to  produce  a  defective  iron, 
technically  known  as  cold  short.  Such  iron  may  be  forged  well  at 
a  red  heat,  but  when  cold  it  is  brittle  and  rotten.  This  defect  is 
attributed  to  the  presence  of  phosphorus,  which  is  separated  from 
the  crude  metal  in  the  form  of  phosphate  of  iron  during  the  pud- 
dling. When  the  slag  is  reduced  in  the  blast  furnace,  both  the 
phosphorus  and  the  iron  are  deprived  of  their  oxygen,  and  by  their 
union,  as  phosphide  of  iron,  form  the  faulty  metal  in  question. 

(630)  Production  of  Wrought-Iron  direct  from  the  Ore. — The 
pure  ores,  which  consist  of  magnetic  oxide,  or  of  peroxide  of  iron, 
are  frequently  converted  at  once  into  wrought-iron,  without  the 
production  of  cast-iron.  This  process  is  practised  in  the  Pyrenees 
by  what  is  termed  the  Catalan  forge,  and  still  more  largely  in  the 
bloomery  forges  of  the  United  States.  In  the  American  bloomery 
forge  either  the  hot  or  the  cold  blast  may  be  employed : — The  ore 
having  been  first  reduced  by  stampers  to  a  coarse  powder,  is  placed 
on  the  top  of  the  coal  in  the  forge  which  has  been  kindled  for  its 
reception ;  a  high  heap  of  coal  is  kept  on  the  fire,  and  a  gradual 
supply  of  ore  is  maintained  :  as  the  metal  is  reduced,  it  sinks 
to  the  bottom  in  a  pasty  state ;  when  sufficient  has  been  added 
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to  form  a  bloom,  or  "ball,  the  metal  is  collected  on  an  iron  bar, 
heated  before  the  blast-pipe,  and  then  hammered,  rolled,  and 
Avelded,  as  if  it  had  come  from  the  puddling  furnace  (Overman's 
Metallurgy,  p.  544).  This  method  yields  a  very  pure  iron  vrhen 
charcoal  is  employed,  but  the  consumption  of  fuel  per  ton  of  metal 
is  much  greater  than  in  the  blast  furnace ;  a  large  portion  of  the 
ore  is  also  wasted  in  the  form  of  slags,  which  are  very  rich  in  oxide 
of  iron.  The  iron  produced  by  this  process  frequently  contains 
sufficient  carbon  to  give  to  it  some  of  the  properties  of  steel :  for 
instance,  it  becomes  much  harder  when  heated  and  suddenly  cooled. 
Iron  of  this  description  is  valuable  in  the  manufacture  of  plough- 
shares, and  heavy  articles  requiring  both  toughness  and  hardness. 

Manufacture  of  Steel. 

(631)  Iron,  when  combined  with  a  smaller  proportion  of 
carbon  than  is  contained  in  cast-iron,  furnishes  the  valuable  com- 
pound well  known  as  steel,  of  which  there  are  several  varieties. 
The  quantity  of  carbon  in  good  steel  varies  between  0*7  and 
1*7  per  cent.,  but  steel  which  possesses  the  greatest  tenacity 
has  been  found  to  contain  from  1*3  to  1*5  per  cent,  of  carbon, 
and  about  o*i  of  silicon.  Natural  steel  is  produced  directly 
from  the  best  cast-iron  by  heating  it  by  means  of  charcoal 
on  the  refining  hearth  as  in  the  operation  which  precedes  the 
process  of  puddhng;  the  oxygen  burns  off  a  portion  of  the  carbon 
from  the  cast-iron,  and  steel  remains.  The  preparation  of  natural 
steel  is,  therefore,  an  intermediate  stage  in  the  conversion  of 
cast  into  wrought-iron.  The  mass  thus  obtained  is  rendered 
homogeneous  by  forging.  It  yields  a  steel  of  inferior  quality, 
which  is  employed  for  making  agricultural  implements  and  springs 
for  machinery. 

For  more  delicate  purposes  blistered  steel  is  made  use  of:  this 
is  obtained  by  means  of  cementation,  which  is  an  operation  just 
the  reverse  of  that  by  which  natural  steel  is  formed.  This  pro- 
cess is  carried  on  in  a  furnace  containing  one  or  more  rectangular 
boxes  of  brickwork  or  stoneware  for  the  reception  of  the  bars 
of  iron  which  are  to  be  converted  into  steel.  This  conversion  is 
effected  by  heating  the  iron  in  contact  with  charcoal,  which  is 
usually  mixed  with  about  a  tenth  of  its  weight  of  common  salt 
and  wood  ashes,  forming  what  is  technically  termed  cement  powder. 
In  preparing  a  charge,  the  bottom  of  the  boxes  is  covered  with  a 
layer  of  the  cement  powder  to  the  depth  of  about  an  inch,  and 
upon  this,  at  intervals  of  about  half  an  inch,  a  layer  of  bars  of  the 
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best  malleable  iron  is  placed.  The  interstices  between  the  bars  are 
also  filled  with  cement  powder,  which  is  tightly  packed  around  the 
iron ;  above  this  is  a  layer  of  the  powder,  then  another  layer  of  bars, 
and  so  on  in  succession  until  the  box  is  nearly  full.  The  remain- 
ing space  is  now  covered  with  a  layer  of  damp  sand  about  three 
inches  in  depth,  and  the  fire  is  gradually  raised  to  a  full  red  heat, 
or  about  the  temperature  required  for  melting  copper;  at  this 
point  it  is  steadily  maintained.  One  of  the  bars  of  steel  is  so 
placed  that  it  can  be  removed  from  time  to  time  during  the 
operation  for  the  purpose  of  ascertaining  the  process  of  the  car- 
buration  by  inspection.  The  process  is  usually  complete  in  six  or 
eight  days;  but  the  time  required  necessarily  varies  with  the 
thickness  of  the  iron  bars  operated  on.  The  steel  thus  obtained 
retains  the  form  of  the  iron,  but  it  is  covered  with  blebs  or  blisters, 
by  which  the  surface  is  rendered  irregular  and  uneven.  The  mass 
is  found  to  have  been  penetrated  by  carbon  which  has  been  trans- 
ferred from  particle  to  particle  of  the  metal,  the  properties  of  which 
it  has  completely  changed.  It  has  been  supposed  that  these 
blisters  may  possibly  arise  from  the  combination  of  parts  of  the 
carbon  with  oxygen  derived  from  particles  of  oxide  of  iron,  which 
are  apt  to  be  mechanically  retained  even  in  the  most  carefully 
prepared  bars.  Carbonic  oxide  would  thus  be  produced,  and  im- 
prisoned in  the  tenacious  metal,  which  in  its  softened  state  would 
be  raised  by  it  into  bubbles  or  blebs.  Great  care,  however,  is  gene- 
rally taken  to  exclude  slag  and  oxide  of  iron  from  bars  which  it  is 
intended  to  convert  into  steel :  in  the  majority  of  instances  it  is 
more  probable,  as  suggested  by  Mr.  T.  H.  Henry,  that  the  blisters 
are  occasioned  by  the  combination  of  carbon  with  the  sulphur  which 
is  still  retained  by  the  iron,  and  which,  by  forming  the  volatile  bisul- 
phide of  carbon,  would  produce  the  effect.  All  bar  iron  contains 
traces  of  sulphur ;  but  in  steel  sulphur  is  never  present,  and  there 
appears  to  be  no  other  mode  of  accounting  for  its  uniform  absence 
than  its  removal  during  the  process  of  carburation  in  the  form  of 
bisulphide  of  carbon. 

By  the  process  of  cementation  the  iron  has  been  combined 
with  about  1*5  per  cent,  of  carbon:  it  is  now  much  more  fusible 
than  before.  It  has  also  entirely  lost  its  fibrous  texture ;  and  when 
broken  across  exhibits  a  close,  fine-grained  fracture.  Steel  may 
also  be  made  without  direct  contact  with  carbon  by  simply  heat- 
ing the  bars  in  carburetted  hydrogen.  This  process  is  more  rapid 
and  the  results  are  more  uniform  than  those  obtained  by  ce- 
mentation. 
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Blistered  steel  is  never  homogeneous,  the  surface  being  always 
more  highly  carburetted  than  the  inner  portions  of  the  bars.  This 
variety  of  steel  is  employed  for  files,  tools,  and  hardware  of  all 
descriptions.  When  blistered  steel  is  fused  it  forms  cast-sted, 
which,  from  being  more  uniform  in  texture,  is  of  superior  quality, 
as  the  carbon  is  more  equally  distributed  throughout  the  mass :  it 
is  employed  for  cutlery  of  the  best  description.  Tilted-steel  is 
also  obtained  from  blistered  steel ;  it  is  first  broken  up  into  lengths 
of  about  1 8  inches,  then  bound  into  faggots  and  raised  to  a 
welding  heat  in  a  wind  furnace,  where  it  is  covered  with  sand, 
which  combines  with  the  oxide  of  iron  and  forms  a  fusible  slag : 
the  red-hot  faggot  is  then  rolled,  and  forged,  by  means  of  the 
tilt-hammer,  into  smaller  bars.  All  steel  is  improved  by  this 
process  of  hammering.  These  tilted  bars,  when  broken  up  and 
welded  together,  form  shear -steel.  For  many  purposes  the  addi- 
tion of  a  small  quantity  of  manganese  is  an  improvement  to  the 
quality  of  the  steel.  If  about  i  per  cent,  of  carbide  of  manganese, 
or  of  a  mixture  of  charcoal  and  oxide  of  manganese  be  introduced 
into  the  melting-pot,  a  steel  is  obtained  of  fine,  close  grain, 
which  admits  of  being  welded  to  wrought-iron ;  a  property  not 
possessed  by  ordinary  steel.  The  experiments  of  Faraday  and 
Stodart  led  them  to  the  conclusion  that  the  addition  of  small 
quantities  of  silver,  of  chromium,  or  of  rhodium,  to  good  steel, 
furnished  a  steel  of  a  superior  kind.  According  to  Mr.  Brande, 
when  steel  is  to  be  used  for  the  manufacture  of  dies  for  coining, 
the  presence  of  a  small  proportion  of  phosphorus  is  beneficial. 
When  dilute  nitric  acid  falls  upon  steel,  a  dark  grey  spot  is  pro- 
duced, owing  to  the  solution  of  the  metal  in  the  acid  whilst 
its  carbon  remains  unacted  upon :  upon  iron  the  acid  produces 
a  green  spot.  The  acid  acts  unequally  upon  different  parts  of  the 
surface,  in  certain  of  the  finer  varieties  of  steel,  and  thus  pro- 
duces a  veined  appearance,  such  as  was  formerly  given  to  the 
celebrated  Damascus  blades.  According  to  M.  Breant,  the  Da- 
mascus steel  is  more  highly  carburetted  than  ordinary  steel,  and 
if  allowed  to  cool  slowly,  it  separates  into  layers  of  two  diff'erent 
degrees  of  carburation;  hence  certain  parts,  when  acted  on  by 
dilute  acid,  leave  more  carbon  than  others ;  the  form  and  direction 
of  these  veins  vary  with  the  mode  of  forging  adopted. 

Wootz  is  a  finely  damasked,  hard  steel,  of  excellent  quality, 
which  is  obtained  from  India.  Mr.  Faraday  found  aluminum  in 
a  sample  of  this  steel  which  he  analysed,  and  was  disposed  to 
refer  its  peculiar   qualities   to   the   presence   of   this    metal.      It 
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appears^  "hoAvever^  from  tlie  experiments  of  Mr.  Henry  [Phil.  Mag. 
July,  1 852),  that  aluminum  is  not  always  present  in  wootz.  He  gives 
the  following  as  the  composition  of  a  bar  of  genuine  Indian  wootZj 
of  specific  gravity  7727  : — 

(uncorabmed 0*312 

Silicon 0*045 

Sulphur o'i8i 

Arsenic 0*037 

Iron 98*092 

100*000 

Other  analysts  have  also  failed  in  finding  aluminum  in  wootz. 

The  physical  properties  of  steel  differ  materially  from  those  of 
iron.  As  already  mentioned,  it  becomes  granular  in  texture, 
brittle,  and  more  easily  melted.  Its  most  characteristic  property, 
however,  consists  in  its  power  of  assuming  a  hardness  scarcely  in- 
ferior to  that  of  the  diamond  when  heated  to  redness  and  then 
suddenly  cooled  by  plunging  it  into  water,  mercury,  or  oil.  After 
this  treatment  it  is  rendered  extremely  brittle,  and  almost  perfectly 
elastic. 

This  extreme  hardness  and  brittleness  may  be  removed  by 
the  process  of  tempering,  which  is  a  peculiar  mode  of  annealing; 
it  consists  in  heating  the  steel  moderately  and  then  allowing 
it  to  cool  slowly.  The  tempering  of  steel  is  an  operation  of 
great  practical  importance,  as  from  the  variety  of  purposes  to 
which  steel  is  applied,  it  is  required  of  very  different  degrees  of 
hardness,  and  upon  the  due  adjustment  of  this  quality  much  of  its 
utility  depends.  The  degree  to  which  the  temperature  is  raised  in 
the  second  heating  regulates  this  point :  the  higher  the  heat  the 
softer  is  the  steel.  In  practice  the  workman  judges  with  sufficient 
accuracy  of  the  temperature  to  which  the  metal  has  been  exposed, 
by  observing  the  colour  which  the  steel  assumes,  ow  ing  to  the  vary- 
ing thickness  of  the  film  of  oxide  which  forms  upon  its  surface.  It  is 
easy  to  show  that  this  colour  is  due  to  the  formation  of  a  film  of 
oxide  j  for  by  painting  on  the  surface  of  the  steel  various  devices  in 
oil  or  varnish,  and  then  exposing  it  to  heat,  the  surface  of  the  blade 
becomes  coloured  in  every  part  excepting  those  portions  which  have 
been  varnished,  and  these,  when  the  varnish  is  removed,  retain 
their  original  polish.  The  first  perceptible  tint  is  a  light  straw 
colour,  which  is  produced  by  the  lowest  degree  of  heat,  and  indi- 
cates the  hardest  temper ;  the  heat  required  is  from  430°  to  450° ; 
it  is  used  for  lancets,  razors,  and  surgical  instruments :  at  470°  a 
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full  yellow  is  produced;  it  is  the  temper  fitted  for  scalpels, pen-knives, 
and  fine  cutlery.  The  temperature  of  490°  gives  a  brown-yellow, 
which  is  the  temper  for  shears  intended  for  cutting  iron.  At  510° 
the  first  tinge  of  purple  shows  itself :  this  is  the  temper  employed  for 
pocket-knives :  520°  gives  a  purple,  which  is  the  tint  for  table  and 
carving  knives.  A  temperature  from  530°  to  570°  produces  various 
shades  of  blue,  such  as  are  used  for  watch  springs,  sword  blades,  saws, 
and  instruments  requiring  great  elasticity  (Stodart).  The  different 
degrees  of  heat  may  be  exactly  regulated  by  heating  the  different 
articles  in  a  fusible  metal  or  oil  bath,  the  temperature  of  w^hich  is 
ascertained  by  means  of  thermometers,  though  in  ordinary  cases 
this  degree  of  nicety  is  not  observed. 

Hardened  steel  is  somewhat  less  dense  than  wrought  steel.  It 
appears  that  a  portion  of  the  carbon  contained  in  steel,  before  the 
alloy  has  been  hardened,  is  in  the  uncombined  state ;  this  portion 
is  left  in  the  form  of  graphitic  scales,  when  the  metal  is  dissolved 
in  hydrochloric  acid :  but  after  the  steel  has  been  hardened,  the 
whole  of  the  carbon  is  chemically  united  with  the  iron ;  and  when 
treated  with  acids,  is  left  in  the  form  of  a  liquid  hydrocarbon. 
Before  it  has  been  hardened  it  may  be  worked  as  easily  as  iron,  and 
in  certain  cases  may  be  welded  upon  that  metal.  Instruments  are 
completely  finished  in  the  soft  state,  and  are  tlien  hardened  and  sub- 
sequently tempered. 

It  is  sometimes  desirable  to  convert  articles  manufactured  from 
soft  iron  superficially  into  steel.  This  is  termed  case-hardening, 
and  is  effected  by  heating  them  in  contact  with  powdered  cast-iron 
turnings,  or  sometimes  with  powdered  charcoal.  The  same  object  is 
attained  if  they  are  sprinkled  when  red-hot  with  powdered  ferro- 
cyanide  of  potassium. 

{62fi)  In  order  to  obtain  iron  chemically  pure,  Berzelius  recom- 
mends that  filings  of  the  best  bar  iron  be  intimately  mixed  with 
one-fifth  of  their  weight  of  pure  peroxide  of  iron,  and  placed  in  a 
Hessian  crucible,  covered  with  pounded  glass  (free  from  lead);  the 
cover  is  then  to  be  carefully  luted  on,  and  the  crucible  to  be  exposed 
for  an  hour  to  the  strongest  heat  of  a  smith's  forge.  By  this 
means  all  traces  of  carbon  and  of  silicon  are  oxidized  at  the  expense 
of  the  oxygen  of  the  peroxide  of  iron.  If  the  operation  be  success- 
ful, the  iron  will  be  melted  into  a  button,  with  a  lustre  approaching 
that  of  silver.  Such  iron  is  very  tough,  and  much  softer  than 
ordinary  bar  iron;  it  has  a  sp.  gr.  of  7*8439.  Pure  iron  may  also 
be  obtained  in  the  state  of  fine  powder,  by  decomposing  the  pure 
peroxide  at  a  red  heat  in  a  current  of  hydrogen  gas. 
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(633)  Properties  of  Bar  Iron. — The  bar  iron  of  commerce  is 
never  pure.  It  always  retains  small  quantities  of  carbon,  varying 
from  o*2  to  o'4  per  cent.,  and  traces  of  silicon  and  sulphm' ;  occa- 
sionally, also  of  phosphorus  and  arsenic.  The  presence  of  this  small 
quantity  of  carbon  much  increases  its  hardness  and  tenacity,  but 
the  other  ingredients  act  injuriously  upon  the  metal. 

Bar  iron  has  a  bluish  white  or  grey  colour,  and  is  endowed 
with  considerable  lustre  and  hardness  ;  it  takes  a  high  polish  :  its 
texture  is  usually  fibrous,  and  when  broken  across,  it  exhibits  a 
ragged  or  hackly  fracture ;  when  rubbed,  it  emits  a  peculiar  cha- 
racteristic odour.  The  average  specific  gravity  of  good  bar  iron  is 
7*7.  It  requires  the  most  intense  heat  of  a  wind  furnace  for  its 
fusion.  Iron  passes  through  a  soft  pasty  condition  before  it  is  com- 
pletely melted ;  this  property  is  one  of  great  practical  importance  : 
if  two  pieces  of  iron  be  heated  to  whiteness,  sprinkled  with  sand^ 
and  hammered  together,  they  may  be  united  or  welded  so  com- 
pletely that  the  junction  is  as  tough  as  any  other  part  of  the  metal. 
The  sand  is  used  as  a  flux  to  the  oxide  of  iron,  with  which  it 
forms  a  slag,  which  coats  each  piece  of  the  metal ;  by  the  blow  of 
the  hammer  this  layer  of  melted  matter  is  forced  out,  and  the  two 
clean  surfaces  of  metal  unite  together.  At  a  red  heat  iron  may  be 
forged  into  any  shape  with  facility,  but  at  ordinary  temperatures  it 
possesses  but  little  malleability,  as  compared  with  gold  and  silver. 
It  however  admits  of  being  rolled  into  very  thin  sheets.  In 
ductility  iron  is  unsurpassed,  and  in  tenacity  it  far  exceeds  all  other 
know^n  substances. 

If  compared  with  other  metals,  iron  is  inferior  to  many  of  them 
as  a  conductor  of  heat  and  of  electricity.  Its  susceptibility  to 
magnetism  is  peculiar;  no  metal  exhibiting  this  property  in  any 
marked  degree,  excepting  cobalt  and  nickel,  and  in  them  the  power 
is  developed  to  a  much  smaller  extent.  But  though  iron  in  its 
pure  state  is  susceptible  of  magnetic  induction,  it  cannot  be  perma- 
nently magnetized  unless  it  be  combined  with  carbon,  as  in  steel ; 
with  oxygen,  as  in  the  loadstone  (Fe304) ;  or  with  sulphur,  as  in 
certain  varieties  of  pyrites  (FcgSJ,  and  (FeySg).  It  is  especially 
worthy  of  observation,  that  if  oxygen  or  sulphur  be  present  in 
quantity  either  greater  or  less  than  in  these  particular  compounds, 
the  power  of  retaining  magnetism  is  destroyed,  and  the  mass  becomes 
almost  indifierent  to  the  action  of  a  magnet.  Iron  loses  its  mag- 
netic power  when  heated  to  redness,  but  recovers  it  again  on  cooling. 

At  a  high  temperature  iron  burns  readily,  emitting  vivid  scin- 
tillations, as  may  be  seen  at  the  blacksmith^s  forge,  or  still  more 
brilliantly  when  a  glowing  wire  is  introduced  into  a  jar  of  oxygen. 
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It  preserves  its  lustre  unchanged  in  dry  air  at  ordinary  tempera- 
tures, but  when  exposed  to  a  moist  atmosphere,  its  surface  is 
quickly  altered,  and  it  becomes  covered  with  rust.  When  once  a 
spot  of  rust  begins  to  show  itself,  the  oxidation  proceeds  rapidly ; 
moisture  is  absorbed  from  the  air  by  the  oxide,  and  thus  a  species 
of  voltaic  action  is  produced,  the  oxide  performing  the  part  of  an 
electro-negative  element,  whilst  the  iron  becomes  electro-positive,  and 
the  atmospheric  moisture  acts  as  the  exciting  liquid.  The  carbonic 
acid  of  the  air  contributes  in  an  important  way  towards  producing 
this  change :  protocarbonate  of  iron  is  first  formed,  and  afterwards 
it  passes  into  the  hydrated  oxide,  or  rust  of  iron  :  this  rust  always 
contains  ammonia,  derived  from  the  reaction  of  the  hydrogen  of 
the  water  upon  the  nitrogen  of  the  atmosphere.  Even  the  native 
oxides  of  iron  invariably  contain  traces  of  ammonia  (Chevallier). 
Iron  may  be  kept  for  any  length  of  time  without  undergoing  any 
change  in  water  quite  free  from  air,  as  well  as  in  water  containing  a 
little  free  alkali.  In  a  very  finely  divided  state,  such  as  that  pro- 
duced by  reducing  precipitated  oxide  of  iron  at  a  low  temperature 
in  a  current  of  hydrogen  gas,  the  metal  takes  fire  by  mere 
exposure  to  the  atmosphere.  If  a  small  quantity  of  alumina  be 
precipitated  with  the  oxide  of  iron  so  as  to  interpose  some  foreign 
matter  between  the  particles  of  the  metal,  this  pyrophoric  pro- 
perty is  much  increased.  At  a  red  heat  iron  rapidly  decomposes 
water,  and  liberates  hydrogen  (293),  whilst  the  iron  is  converted 
into  minute  crystals  of  the  black  or  magnetic  oxide ;  the  following 
equation  illustrates  the   chemical   change:  4  HO +  3  Fe=4  H-f 

(FeO.FeA). 

Iron  is  soluble  in  diluted  sulphuric  and  hydrochloric  acids,  with 
extrication  of  hydrogen.  Even  carbonic  aeid,  when  contained  in 
water  from  which  air  is  excluded,  slowly  dissohes  this  metal  with 
extrication  of  hydrogen,  and  the  carbonate  of  iron  is  dissolved  in  the 
excess  of  carbonic  acid.  It  is  rapidly  attacked  by  nitric  acid,  with 
abundant  evolution  of  binoxide  of  nitrogen. 

(634)  Passive  Condition  of  Iron. — Under  certain  circumstances 
iron  may  be  kept  in  concentrated  nitric  acid  for  weeks,  without 
the  slightest  action,  or  alteration  of  the  polish  of  its  surface. 
There  are  various  methods  of  producing  this  passive  condition  of 
iron  in  an  acid  of  a  moderate  degree  of  concentration ;  some  of 
these  seem  to  indicate  an  intimate  coiniexion  with  its  voltaic  rela- 
tions. This  will  be  rendered  evident  from  the  following' statement 
of  some  of  the  circumstances  under  which  this  remarkable  pheno- 
menon is  manifested.  If  a  piece  of  clean  iron  wire  be  introduced 
into  nitric  acid,  of  a  sp.  gr.  of  about   i  '^^,   immediate  and  brisk 
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action  ensues ;  but  if  the  metal  be  touched  beneath  the  surface  of 
the  liquid  with  a  piece  of  gold^  of  platinum_,  or  of  plumbago,  the 
chemical  action  is  suddenly  arrested  if  the  temperature  of  the  acid 
has  not  been  allowed  to  rise  too  high.  If  a  second  iron  wire  be  made 
to  touch  the  first,  and  then  be  introduced  into  the  acid,  it  also  is 
rendered  inactive.  This  second  wire  may  be  used  in  like  manner 
to  render  a  third  inactive.  But  if  any  of  these  inactive  wires  be 
withdrawn  from  the  acid,  and  exposed  to  the  air  for  a  few  seconds, 
it  will  be  found  to  be  rapidly  acted  on  upon  again  introducing  it 
into  the  acid. 

By  heating  the  end  of  a  clean  iron  wire  in  the  flame  of  a  spirit 
lamp  so  as  to  give  it  a  superficial  coating  of  oxide,  the  wire  is 
brought  into  the  passive  condition.*  If  into  acid  containing  a 
passive  wire,  a  second  ordinary  wire,  not  in  contact  with  the  first, 
be  introduced,  brisk  action  on  the  ordinary  wire  ensues ;  and  on 
causing  the  passive  wire  to  touch  the  active  one,  immediate  action 
occurs  on  both. 

Strong  nitric  acid,  of  sp.  gr.  i  '45,  renders  all  iron  passive ;  the 
metal  may  be  kept  in  it  for  years  without  losing  its  brilliancy,  or 
showing  any  action ;  and  a  wire  withdrawn  from  the  strong  acid, 
and  plunged  into  acid  of  1*35,  still  remains  passive.  If  it  be  wiped 
first  and  then  plunged  into  the  weaker  acid,  it  immediately  begins  to 
be  dissolved.  If  the  acid  be  diluted  below  a  density  of  i  '^^,  it  rapidly 
dissolves  the  metal,  whatever  may  have  been  its  previous  condition. 

(634  bis)  Iron  forms  alloys  with  most  of  the  metals ;  but  they 
are  not  in  general  of  much  importance.  The  presence  of  small 
quantities  of  copper,  arsenic,  or  sulphur  in  iron,  is  said  to  occasion  a 
defective  quality  of  metal,  technically  known  as  red  short.  Such 
iron  is  tough  at  ordinary  temperatures,  but  becomes  brittle  when 
heated  to  redness  for  forging. 

The  mode  of  preparing  zinc-plate,  or  galvanized  iron,  has 
been  already  described  (591).  Tin  plate  is  prepared  by  an  analo- 
gous process  ;  it  consists  of  iron  superficially  alloyed  with  tin.  The 
object  of  the  employment  of  zinc  and  tin  in  this  manner  is  to 
protect  the  iron  from  rust,  and  to  enable  the  workman  readily  to 
solder  the  joints  of  vessels  made  of  these  materials. 


*  M.  Niekles  finds  that  similar  effects  are  produced  with  wires  of  cobalt 
or  of  nickel,  though  with  them  the  action  is  less  strongly  marked.  Such 
wires,  if  placed  in  voltaic  relation  with  an  active  wire  of  the  same  metal,  are 
found  to  be  strongly  electro-negative  towards  it ;  but  passive  iron,  cobalt, 
and  nickel,  are  electro-positive  in  relation  to  platinum.  Dr.  Andrews  has 
shown  that  bismuth  also  may  be  rendered  passive  in  concentrated  nitric  acid. 
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(^35)  Compounds  of  Iron  with  Oxygen. — Iron  yields  four 
definite  compounds  with  oxygen:  i.  The  protoxide  (FeO),  which 
is  the  basis  of  the  green  salts  of  iron :  2.  The  sesquioxide  (Fe^Og), 
which  is  the  base  of  the  red  salts  :  3.  The  black  or  magnetic  oxide y 
which  may  be  viewed  as  a  compound  of  the  two  preceding  oxides 
(FcgO^)  or  (FeO,  Fe203) ;  it  does  not  form  any  definite  salts : 
4.  Ferric  acid  (FeOa)  which  is  a  weak  and  unstable  metallic  acid, 
and  as  such  combines  with  the  alkalies. 

Protoxide  of  Iron  (FeO)  Eq.  ^6. — It  is  obtained  in  the  form 
of  a  white  hydrate  by  dissolving  a  pure  protosalt  of  iron  in  water 
recently  boiled,  and  precipitating  by  an  alkali.  If  boiled  in  a 
vessel  from  which  air  is  excluded,  it  loses  its  water  of  hydration 
like  the  oxide  of  copper  under  similar  circumstances.  The 
hydrated  oxide  absorbs  oxygen  greedily  from  the  air,  passing 
through  various  shades  of  light  green,  bluish  green,  and  black,  till 
finally  it  assumes  an  ochry  hue,  due  to  the  formation  of  the  ses- 
quioxide. It  is  insoluble  in  water,  but  is  somewhat  soluble  in  am- 
monia ;  this  solution  quickly  absorbs  oxygen  from  the  air,  and  a 
film  of  insoluble  sesquioxide  of  iron  is  formed.  It  is  readily  dissolved 
by  acids,  and  forms  with  them  salts  which  have  a  green  colour, 
and  a  styptic,  inky  taste.  The  solutions  of  these  salts  by  exposure 
to  the  air  are  all  decomposed  by  absorbing  oxygen  ;  in  which  case 
salts  of  the  sesquioxide  are  formed,  one  portion  of  which  is  retained 
in  solution,  whilst  a  basic  salt  of  the  sesquioxide  falls  as  a  rusty 
insoluble  precipitate.  For  example,  in  the  case  of  the  protosulphate 
of  iron,  4  equivalents  of  the  salt  by  absorbing  2  equivalents  of 
oxygen  are  decomposed  as  follows : 

Protosulph.  Iron.  Soluble  Persulph.  Basic  insoluble  salt. 

4"(F^0rS0^)  +  20  =  (F'^aTsSO;)  +  {^e,03,  SO3  +  3  ^i 

(636)  Sesquioxide  of  Iron  (Fefi-^). — The  anhydrous  sesqui- 
oxide is  obtained  for  the  arts  by  igniting  the  protosulphate  of  iron, 
and  is  known  under  the  names  of  colcothar,  crocus  of  Mars,  or 
rouge,  according  to  the  degree  of  levigation  to  which  it  has  been 
submitted;  it  is  extensively  employed,  amongst  other  uses,  for 
polishing  glass,  and  by  jewellers  for  putting  a  finish  to  their 
goods.      It  is  also  employed  as  a  red  pigment. 

The  sesquioxide  occurs  native  in  great  abundance :  several 
of  its  varieties  have  been  already  mentioned  as  among  the  most 
valuable  ores  of  iron.  The  specular  ore  of  Elba  often  presents 
natural  facets  of  the  most  perfect  polish,  and  of  remarkable  size 
and  lustre.     The  specific  gravity  of  this  oxide  is  5*32.     It  occurs 

3  M 
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in  forms  of  the  rliomboliedral  system^  and  is  isomorphous  with 
alumina  in  corundum.  Red  hsematite  or  bloodstone_,  another  of 
its  varieties,  is  extremely  hard,  and  when  polished,  is  employed  for 
burnishing  gilt  trinkets. 

Brown  hsematite  is  the  hydrate  (2  FegOg,  3  aq)  Sp.  Gr.  3 '98. 
This  mineral  is  readily  dissolved  by  acids.  Another  native  hydrate 
(HO,  FegOg)  has  been  found  crystallized  in  cubes;  it  is  isomor- 
phous  with  the  magnetic  oxide  of  iron  (FeO,  FcgOg),  to  which  it 
corresponds  in  composition,  i  equivalent  of  protoxide  of  iron  being 
displaced  by  i  equivalent  of  water.  Brown  hsematite  gives  the  red 
and  yellow  colour  to  the  different  varieties  of  clay. 

The  sesquioxide  is  best  obtained  in  a  state  of  purity,  by  pre- 
cipitating the  sesquichloride  of  iron  by  ammonia  in  excess.  It 
falls  as  a  bulky  light  brown  flocculent  hydrate,  which  shrinks 
remarkably  as  it  dries.  This  hydrate  retains  a  little  ammonia 
which  is  easily  expelled  by  heat.  If  dried  at  a  dull  red  heat  the 
mass  glows  brightly  as  it  parts  with  the  last  portions  of  water, 
and  after  this,  it  is  dissolved  by  acids  with  difficulty :  at  a  very 
high  temperature  the  sesquioxide  loses  i.  of  its  oxygen,  and  is  con- 
verted into  the  magnetic  oxide  of  iron. 

In  its  hydrated  state  sesquioxide  of  iron  is  easily  soluble  in 
acids,  forming  salts  which  do  not  crystallize;  many  of  them  are 
deliquescent,  and  have  a  strong  inky  taste.  Their  concentrated 
solutions  have  the  property  of  dissolving  a  considerable  excess  of 
oxide,  in  which  case  they  assume  a  deep  red  colour.  If  these  basic 
solutions  be  diluted  and  boiled,  the  peroxide  of  iron  is  entirely 
separated  in  the  form  of  an  insoluble  subsalt. 

Hydrated  sesquioxide  of  iron  is  now  used  to  some  extent  for 
the  purpose  of  purifying  coal  gas  from  sulphuretted  hydrogen, 
which  is  always  produced  during  the  distillation  of  coal.  For  this 
purpose  the  oxide  is  mixed  with  sawdust,  and  placed  in  layers  of 
two  or  three  inches  in  thickness,  upon  the  perforated  shelves  of  a 
dry  lime  purifier :  protosulphide  of  iron,  water,  and  free  sulphur 
are  formed ;  FcgOg  -F  3  HS  =  2  FeS  +  3  HO  +  S.  After  the  mixture 
has  ceased  to  absorb  any  more  sulphuretted  hydrogen,  it  is  oxidized 
by  exposure  to  a  current  of  air,  sesquioxide  of  iron  is  thus  repro- 
duced, and  sulphur  is  set  free;  2  FeS  +  30  =  Fe203  4-2  S.  The 
mixture  may  again  be  used  for  the  same  purpose  as  at  first,  and 
this  process  may  be  repeated  several  times  in  succession,  until  the 
accumulation  of  sulphur  mechanically  impairs  the  absorbent  powers 
of  the  mixture.  Considerable  elevation  of  temperature  attends  the 
act  of  reoxidation,  which  must  therefore  be  prevented  from  taking 
place  with  too  much  rapidity. 


BLACK    OR    MAGNETIC    OXIDE    OF    IRON.  895 

Sesquioxide  of  iron  combines  with  some  of  the  more  powerful 
bases,  towards  which  it  acts  the  part  of  a  feeble  acid.  The  com- 
pounds which  it  forms  by  heating  it  with  potash  and  soda  are  easily 
decomposed  by  water.  According  to  Pelouze,  when  4  equivalents 
of  lime  and  i  equivalent  of  peroxide  of  iron  are  precipitated  together 
and  boiled,  they  unite  and  form  a  white  compound  (4  CaO,  FcaOg) 
which  is  readily  decomposed  by  the  feeblest  acids.  Sesquioxide  of 
iron  occurs  native  combined  with  oxide  of  zinc  in  crystals,  mixed 
with  oxide  of  manganese,  constituting  Franklinite.  With  protoxide 
of  iron  it  forms  the  black  or  magnetic  oxide  of  iron. 

(637)  Black  or  Magnetic  Oxide  of  Iron  (FeO,  FegOg),  Eq.  116  ; 
Sp.  Gr.  5*09. — This  oxide  occurs  as  a  well-known  mineral,  the  load- 
stone, which  acquires  its  magnetism  from  the  inductive  influence 
of  the  earth.  It  is  found  in  primitive  rocks,  forming  beds,  or 
sometimes  as  in  Sweden,  entire  mountains.  It  furnishes  a  very 
pure  and  excellent  iron,  of  which  a  large  quantity  is  annually  sup- 
plied from  the  Swedish  and  American  mines.  It  has  a  black 
colour  and  metallic  lustre ;  it  crystallizes  in  cubes,  octohedra,  or 
rhombic  dodecahedra.  Magnetic  oxide  of  iron  is  the  principal 
constituent  of  the  scales  of  oxide  which  are  detached  during  the 
forging  of  wrought-iron.  It  fuses  at  a  high  temperature,  and  is 
formed  when  iron  is  burned  in  oxygen ;  the  sesquioxide  which  is 
the  result  of  the  action  losing  part  of  its  oxygen,  owing  to  the 
intensity  of  the  heat  developed  during  the  combustion.  The  same 
compound  is  formed  by  passing  steam  over  heated  iron  turnings. 
A  hydrate  of  this  oxide  may  be  procured  by  dissolving  equal  weights 
of  sulphate  of  the  protoxide  of  iron  in  separate  portions  of  water, 
and  boiling  one  of  these  with  nitric  acid,  which  is  gradually  added 
to  the  boiling  liquid  until  it  ceases  to  evolve  binoxide  of  nitrogen : 
when  this  point  is  reached,  the  whole  of  the  protoxide  of  iron  will 
have  been  converted  into  peroxide  :  the  two  portions  of  the  solution 
are  then  mixed  together  and  precipitated  by  carbonate  of  soda,  which 
is  added  in  slight  excess :  the  solution  and  precipitate  are  boiled 
together,  and  the  black  oxide  falls  as  a  heavy  crystalline  powder. 
The  magnetic  oxide  is  soluble  without  difficulty  in  hydrochloric 
acid,  as  well  as  in  nitric  acid  and  aqua  regia;  this  oxide  however 
does  not  form  specific  salts,  but  mixtures  of  salts  of  the  protoxide 
and  peroxide. 

(638)  Ferric  Acid  (FeOa)  Eq.  52. — If  a  mixture  of  i  part  of 
sesquioxide  of  iron  and  4  of  nitre  be  heated  to  full  redness  for 
some  time,  a  brown  mass  is  obtained,  which  with  water  gives  a 
beautiful  violet  coloured  solution,  due  to  the  presence  of  ferrate  of 
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potash.  In  this  compound  the  iron  is  combined  with  a  larger  quan- 
tity of  oxygen  than  in  the  sesqnioxide,  but  the  ferric  acid  has 
not  been  obtained  in  an  insulated  form.  Ferrate  of  potash  may- 
be more  easily  procured  by  suspending  i  part  of  recently  precipi- 
tated peroxide  of  iron  in  a  concentrated  solution  of  potash  con- 
sisting of  30  parts  of  hydrate  of  potash  and  50  of  water^  and  then 
transmitting  a  current  of  chlorine  gas  :  the  ferrate  of  potash  is  inso- 
luble in  a  concentrated  solution  of  potash,  and  is  deposited  as  a 
black  powder  which  may  be  drained  upon  a  tile  (Fremy).  This  com- 
pound is  very  soluble  in  water,  but  is  precipitated  in  black  flocculi 
by  a  large  excess  of  alkali.  It  is  a  very  unstable  salt :  in  dilute 
solutions  the  alkali  becomes  free,  hydrated  sesquioxide  of  iron  sub- 
sides, and  oxygen  escapes.  Organic  matter  decomposes  it  speedily, 
just  as  it  does  the  permanganate  of  potash  :  a  temperature  of  212° 
destroys  it  instantly  if  in  solution,  and  the  addition  of  an  acid,  even 
in  quantity  insufficient  to  neutralize  the  whole  of  the  alkali,  causes 
the  immediate  separation  of  oxygen,  and  precipitation  of  the  sesqui- 
oxide of  iron. 

Ferrates  of  baryta,  strontia,  and  lime  may  be  obtained  in  the 
form  of  red  insoluble  precipitates,  by  admixture  of  solutions  of  the 
salts  of  the  earths  with  a  solution  of  the  ferrate  of  potash. 

(639)  Compounds  of  Iron  with  Sulphur. — Sulphur  com- 
bines with  iron  in  several  proportions :  the  protosulphide  FeS, 
and  the  bisulphide  FeSg,  are  the  most  important ;  but  besides 
these,  a  sesquisulphide  FcaSg,  may  be  formed  by  precipitating  the 
persalts  of  iron  by  an  alkaline  sulphide ;  and  two  magnetic  sul- 
phides of  iron  (6  FeS,  FeSg)  and  (2  FeS,  FeSg)  are  found  native. 

Protosulphide  of  Iron  (FeS),  Eq.  44,  may  be  prepared  by 
heating  a  bar  of  iron  to  whiteness  and  bringing  it  into  contact  with 
a  roll  of  sulphur  :  immediate  union  takes  place,  the  resulting  sul- 
phide melts  and  runs  down  in  drops.  When  formed  in  this 
manner  it  usually  contains  an  excess  of  sulphur.  Protosulphide 
of  iron  dissolves  both  iron  and  sulphur  if  either  be  present  in 
excess ;  its  composition  therefore  is  variable.  Like  carbon,  the 
presence  even  of  a  very  minute  portion  of  sulphur  alters  the  quality 
of  wrought-iron,  which  if  it  contain  even  -ru.%-00  of  sulphur,  is 
rendered  ^  hot  short.'  Anhydrous  protosulphide  of  iron  has  a  reddish 
brown  colour ;  it  is  dissolved  by  dilute  sulphuric  or  hydrochloric  acid 
with  evolution  of  sulphuretted  hydrogen  :  this  decomposition  is 
frequently  employed  in  the  laboratory  as  a  convenient  source  of 
sulphuretted  hydrogen.  Nitric  acid  and  aqua  regia  decompose  it 
and  form  pernitrate  or  perchloride  of  iron,  setting  part  of  the  sui- 
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plmr  free,  and  converting  the  residue  into  sulphuric  acid.  When 
heated  in  the  open  air,  this  sulphide  absorbs  oxygen  and  becomes 
converted  into  sulphate  of  iron ;  at  a  still  higher  temperature  it  is 
decomposed,  sulphurous  and  sulphuric  acids  escape,  and  sesquioxide 
of  iron  remains. 

Protosulphide  of  iron  may  be  obtained  in  combination  with 
water,  as  a  black  hydrate,  by  precipitating  a  solution  of  a  protosalt 
of  iron  with  one  of  an  alkaline  protosulphide ;  in  this  condition  it 
rapidly  attracts  oxygen  from  the  air,  and  assumes  a  brownish  red 
colour,  sesquioxide  of  iron  being  formed  and  sulphur  liberated. 
The  hydrated  protosulphide  of  iron  is  slightly  soluble  in  the  alka- 
line sulphides,  with  which  it  forms  green  solutions. 

If  iron  filings  be  mixed  with  two-thirds  of  their  weight  of  sulphur 
in  powder,  and  moistened,  the  mixture  becomes  hot  when  exposed 
to  the  air,  and  absorbs  oxygen  with  sufficient  rapidity  to  cause  it  in 
many  cases  to  inflame ;  sulphide  of  iron  is  at  first  formed,  which 
quickly  becomes  converted  into  sulphate.  A  valuable  lute  for 
the  joints  of  iron  vessels  is  composed  of  a  mixture  of  60  parts  of 
iron  filings  sifted  fine,  and  2  of  sal  ammoniac  in  fine  powder  inti- 
mately blended  with  i  part  of  flowers  of  sulphur.  This  powder 
is  made  into  a  paste  with  water  and  applied  immediately ;  in  a  few 
minutes  it  becomes  hot,  swells,  disengages  sulphuretted  hydrogen, 
and  soon  sets  as  hard  as  iron  itself. 

(640)  Bisulphide  of  Iron  (FeSa),  Eq,  60,  Sp.  Gr  4*98. — This 
compound  is  found  abundantly  in  the  native  state,  constituting  the 
iro7i  pyrites  of  mineralogists.  It  occurs  in  the  strata  of  every 
period :  when  found  in  the  older  formations  it  is  crystallized  in 
cubes  of  a  brassy  lustre,  and  is  hard  enough  to  strike  fire  with  steel ; 
but  in  the  tertiary  strata  it  more  frequently  occurs  in  fibrous 
radiated  nodules.  The  formation  of  iron  pyrites  may  occasionally 
be  traced  to  the  slow  deoxidation  of  sulphates  by  organic  matter 
in  waters  containing  carbonate  or  other  salts  of  iron  in  so- 
lution ;  it  is  then  frequently  deposited  in  cubes  or  octohedra. 
This  appears  to  be  the  usual  mode  of  its  formation  in  alluvial 
soils.  Some  varieties  of  iron  pyrites,  especially  those  found 
in  the  tertiary  strata,  are  speedily  decomposed  by  exposm'e  to 
air ;  oxygen  is  absorbed,  and  protosulphate  of  iron  formed.  This 
decomposition  occurs  with  greater  facility  if  the  sulphide  be 
mixed  with  other  substances,  as  is  the  case  in  the  aluminous 
schists  ;  in  which  by  the  further  action  of  air,  a  subsulphate  of  the 
peroxide  of  iron  is  formed,  whilst  the  liberated  sulphuric  acid 
reacts  upon  the  alumina,  magnesia,  or  lime  of  the  soil,  and  forms 
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sulphates ;  those  of  alumina  and  magnesia  may  be  extracted  by 
lixiviation.  The  ordinary  crystallized  pyrites  from  the  older  strata 
is  not  thus  decomposed;  but  a  variety  of  a  whiter  colour  is 
rapidly  disintegrated  by  exposure  to  the  weather ;  this  form  of 
pyrites  is  known  as  white  iron  pyrites  ;  it  crystallizes  in  right 
rhomboidal  prisms,  but  it  possesses  the  same  chemical  composition 
as  the  yellow  cubes. 

Pyrites  is  not  acted  upon  by  sulphuric  or  hydrochloric  acid_,  but 
it  is  rapidly  oxidized  and  dissolved  by  nitric  acid  and  by  aqua  regia. 
When  heated  in  close  vessels  it  fuses^  and  sulphur  is  expelled.  If 
heated  in  the  air  it  burns  with  flame_,  peroxide  of  iron  is  formed, 
whilst  sulphurous  acid  escapes  in  large  quantity.  This  cii'cum- 
stance  has  been  turned  to  account  in  the  manufacture  of  oil  of 
vitriol,  for  which  purpose  enormous  quantities  of  mundic,  as  the 
bisulphide  is  termed  by  the  workmen,  are  annually  consumed. 
Iron  pyrites  may  be  artificially  prepared  by  exposing  a  mixture  of 
powdered  protosulphide  of  iron  with  half  its  weight  of  flowers  of 
sulphur,  in  a  covered  crucible,  to  a  heat  below  redness,  as  long  as 
sulphurous  fumes  escape. 

(641)  Magnetic  Sulphide  of  Iron  [6  reS  +  FeS2),  Sp.  Gr.  4-65. 
— This  compound  exhibits  a  brassy  lustre,  but  is  distinguished  from 
ordinary  pyrites  by  its  solubility  in  hydrochloric  acid.  It  is  often 
formed  when  sulphur  and  iron  are  heated  together  in  preparing 
the  protosulphide  for  use  in  the  laboratory.  Another  variety  of 
magnetic  pyrites  consists  of  (2  FeS  +  FeSa). 

Mispickel,  or  arsenical  pyrites,  is  an  arsenio-sulphide  of  iron 
(FeSg  +  FeAs)  which,  amongst  other  localities,  occurs  abundantly  in 
the  Hartz,  in  Saxony,  and  in  some  of  the  Cornish  mines  ;  it  crys- 
tallizes in  right  rhombic  prisms,  of  a  steel-gixy  colour  and  metallic 
lustre.  When  heated  in  close  vessels  it  is  partially  decomposed, 
and  sulphide  of  arsenic  sublimes.  If  exposed  to  a  high  temperature 
in  the  open  air  it  produces  sesquioxide  of  iron,  whilst  arsenious 
and  sulphurous  acids  escape.  Analogous  compounds  of  cobalt  and 
nickel  occur  amongst  the  ores  of  these  metals. 

Subphosphide  of  Iron  (Fe^P)  may  be  obtained  by  reducing  the 
phosphate  of  the  metal  with  charcoal :  it  fuses  at  a  red  heat,  and 
forms  an  extremely  hard,  brittle  mass,  which  dissolves  both  phos- 
phorus  and   iron  in  all  proportions. 

(642)  Compounds  of  Iron  with  Chlorine. — Iron  forms  with 
chlorine  two  compounds,  a  protochloride,  FeCl,  and  a  sesqui- 
chloride,  FcgCla,  which  correspond  in  composition  to  the  salifiable 
oxides  of  the  metal. 
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Protochloride  of  Iron  (FeCl) ;  Eq.  6y^.  —  By  passing  dry 
hydrochloric  acid  gas  over  ignited  metallic  iron,  the  acid  is  decom- 
posed, hydrogen  gas  escapes,  chlorine  combines  with  the  iron,  and 
a  white  anhydrous  protochloride  of  the  metal  sublimes  at  a  tem- 
perature at  which  glass  begins  to  soften.  Its  solution  may  be 
formed  by  dissolving  iron  in  hydrochloric  acid ;  the  hot,  saturated 
liquid  deposits  the  salt  on  cooling  in  green  crystals,  which  con- 
tain 4  equivalents  of  water  of  crystallization.  It  is  very  soluble 
in  water,  and  is  taken  up  in  considerable  quantity  by  alcohol.  If 
heated  in  the  open  air  chlorine  escapes  and  peroxide  of  iron 
remains. 

Protochloride  of  iron  unites  with  chloride  of  ammonium  and 
forms  a  double  salt,  from  which  the  iron  may  be  deposited  upon 
various  metallic  articles,  by  boiling  them  in  this  solution  with  scraps 
of  zinc ;  the  zinc  displaces  the  iron,  which  is  deposited  in  a 
coherent  lamina  upon  the  other  metals  in  consequence  of  a  voltaic 
action. 

Sesqmchloride  of  Iron  (FcaClg) ;  Eq.  i62\^. — This  compound 
sublimes  in  anhydrous  brown  scales  when  dry  chlorine  gas  is 
transmitted  over  iron  heated  to  redness.  The  anhydrous  chloride 
is  very  deliquescent,  and  hisses  when  thrown  into  water,  forming  a 
red  solution.  It  is  also  soluble  both  in  alcohol  and  ether.  In  a 
hydrated  condition  it  may  be  procured  by  evaporating  a  solution 
of  the  protochloride  through  which  chlorine  has  been  passed  to 
saturation,  or  by  dissolving  hydrated  peroxide  of  iron  in  hydro- 
chloric acid :  the  solution,  by  concentration,  yields  large,  red, 
deliquescent  crystals  (Fe2Cl3,  6  aq),  but  the  salt  cannot  be  rendered 
anhydrous  by  evaporation,  as  it  is  decomposed  into  hydrochloric 
acid  and  peroxide  of  iron.  Perchloride  of  iron  forms  a  double 
salt  with  chloride  of  ammonium,  which  crytallizes  readily  in  cubes, 
and  is  known  in  pharmacy  as  the  ammonio-chloride  of  iron.  The 
composition  of  this  salt  varies  considerably :  it  is  of  a  ruby-red 
colour,  and  seldom  contains  more  than  2  per  cent,  of  iron. 

An  oxychloride  of  iron  is  formed  when  a  solution  of  the  proto- 
chloride of  the  metal  is  exposed  to  the  air,  or  when  the  perchloride 
is  precipitated  by  a  small  quantity  of  caustic  alkali.  It  is  inso- 
luble in  water  containing  salts,  but  is  partially  soluble  in  pure  water. 

The  iodides  and  bromides  of  iron  correspond  in  composition  to 
the  chlorides. 

Protiodide  of  Iron  (Fel,  Eq.  155),  is  formed  by  digesting  iron 
wire  or  filings,  in  a  closed  vessel,  with  four  times  their  weight  of 
iodine  suspended  in  water  j  direct  combination  between  the  elements 
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takes  place^  the  iodide  is  dissolved  and  forms  a  pale  green  solution, 
■vvhicli,  by  evaporation  in  vacuo,  yields  crystals  containing  4  equi- 
valents of  -water.  By  a  continued  heat  they  may  be  rendered 
anhydrous,  and  in  that  state  are  fusible.  By  exposure  to  air,  the 
solution  absorbs  oxygen  and  is  decomposed ;  iodine  is  set  free,  and 
an  oxyiodide  of  iron  falls.  This  change  is  retarded  by  mixing  the 
solution  with  strong  syrup ;  and  as  the  compound  is  employed  in 
medicine,  this  method  is  adopted  to  preserve  uniformity  in  its  com- 
position. A  sesqui 'iodide  may  be  formed  by  treating  iron  with  an 
excess  of  iodine. 

(643)  Protosulphate  of  Iron,  Copperas,  or  Green  Vitriol,  (FeO, 
SO3,  7  aq)  :  Eq.  76  +  63  :  Sp.  Gr.  cryst.,  I'S^y,  anhydrous,  3'i38. — 
This  salt  is  prepared  in  a  state  of  purity  by  dissolving  i  part  of 
pure  iron,  or  i  ^  of  its  protosulphide  by  the  aid  of  heat,  in  i  i  parts 
of  oil  of  vitriol  diluted  with  4  of  water.  On  filtering  the  solution 
quickly,  it  deposits  beautiful  transparent,  bluish- green,  rhomboidal 
crystals  on  cooling,  which  contain  7  equivalents  of  water  of  crys- 
tallization. They  effloresce  in  a  dry  air,  and  form  a  white  crust, 
which  soon  becomes  of  a  rusty  brown  colour,  owing  to  the  absorp- 
tion of  oxygen  and  formation  of  a  sub-sulphate  of  the  peroxide. 
If  crystallized  at  a  temperature  of  176°  F.  the  protosulphate  forms 
right  rhombic  prisms,  which  contain  only  4  equivalents  of  water.  It 
may  also  be  obtained  crystallized  with  3  and  with  3  equivalents  of 
water.  For  commercird  purposes  sulphate  of  iron  is  formed  by  the 
decomposition  of  iron  pyrites,  or  of  aluminous  schists  containing 
pyrites,  as  already  described  when  speaking  of  the  manufacture  of 
alum.  The  sulphate  of  iron  thus  obtained  has  a  grass-green  colour, 
owing  to  the  presence  of  persulphate  of  iron.  Sulphate  of  iron 
is  largely  used  in  combination  with  astringent  vegetable  matters 
as  a  black  dye ;  ordinary  writing  ink  is  a  compound  of  this  kind. 

This  salt  is  insoluble  in  alcohol,  and  requires  twice  its  weight 
of  cold  water  for  its  solution.  If  exposed  to  the  air,  the  solution 
absorbs  oxygen,  and  a  rusty  precipitate  occurs,  which  is  a  basic  per- 
sulphate composed  of  2Fe203,  SO3,  3  aq,  while  persulphate  of  iron 
remains  in  solution.  If  heated  gradually,  the  protosulphate  loses 
6  equivalents  of  its  water  of  crystallization  and  forms  a  white 
powder;  i  equivalent  of  water  is  retained  at  all  temperatures 
below  500°.  At  a  red  heat  the  sulphate  is  decomposed ;  a  portion 
of  the  acid  yields  one-third  of  its  oxygen  to  the  protoxide  of  iron, 
which  is  converted  into  the  peroxide,  whilst  sulphurous  acid 
escapes  ;  the  remainder  of  the  acid  distils  in  the  anhydrous  form ; 
2(FeO,  SO3)  =Fe203  +  SO2  +  SO3 ;  but  as  in  practice  the  salt  cannot 


PERSULPHATE,  AND  PROTOCARBONATE  OF  IRON.      901 

be  rendered  anhydrous  in  large  quantities,  a  little  water  distils  with 
the  sulphuric  aeid,  which  is  condensed  as  a  brown  fuming  liquid, 
the  'Nordhausen  sulphuric  acid'  (346).  The  residual  oxide  of  iron 
is  sold  under  the  name  of  colcothar. 

The  aqueous  solution  of  protosulphate  of  iron,  in  common  with 
that  of  all  the  protosalts  of  this  metal,  absorbs  a  large  quantity  of 
binoxide  of  nitrogen,  forming  a  deep  brown  solution,  which  has  a 
powerful  affinity  for  oxygen ;  if  this  solution  be  heated  in  close 
vessels  the  gas  is  for  the  most  part  expelled  unchanged ;  if  heated 
in  air,  nitric  acid  is  formed  in  the  liquid,  and  this  converts  the  iron 
into  a  salt  of  the  peroxide. 

With  the  sulphates  of  potash  and  ammonia,  green  vitriol  forms 
salts  precisely  analogous  in  form  and  composition  to  those  which 
are  formed  by  these  sulphates  with  sulphate  of  copper.  The  formula 
of  the  potash  salt  is  FeO,  SO3  +  KO,  SO3  +  6  aq. 

Persulphate  of  Iron  (FcaOg,  3  SO3,  Eq.  200),  is  made  either 
by  treating  brown  haematite  with  an  excess  of  strong  sulphuric 
acid,  allowing  it  to  digest  for  some  time  and  then  expelling  the 
excess  of  acid  at  a  heat  short  of  redness ;  or  by  adding  to  the  solu- 
tion of  I  equivalent  of  protosulphate  of  iron,  \  an  equivalent  of  oil  of 
vitriol,  boiling,  and  adding  to  the  solution  nitric  acid  in  small 
quantities  as  long  as  any  red  fumes  are  given  off.  A  yellowish- 
white  deliquescent  mass  is  obtained  on  evaporation,  from  which 
the  acid  is  expelled  by  a  red  heat;  at  a  more  moderate  heat  the 
salt  is  rendered  anhydrous  :  water  dissolves  it  but  slowly.  It  is  found 
native  in  large  quantities  in  Chili  in  the  form  of  a  white  powder 
(Fe203,  3  SO3,  9  aq). 

With  sulphate  of  potash  and  the  alkaline  sulphates  persulphate 
of  iron  forms  double  salts,  in  form  and  composition,  as  well  as 
in  taste,  resembling  common  alum.  The  potash  salt  (K0,S03, 
H-FcaOg,  3  SO3  +  24  aq,  sjj.  gr.  i'7i8),  is  astringent,  very  soluble 
in  water,  but  insoluble  in  alcohol :  it  is  very  prone  to  spontaneous 
decomposition;  and  becomes  converted  from  a  colourless  into  a 
brown,  gummy,  deliquescent  mass :  this  change  is  also  produced 
by  heating  the  salt  to  a  temperature  below  212°.  The  solution  of 
the  two  sulphates  should  therefore  be  allowed  to  evaporate  spon- 
taneously during  its  preparation. 

(644)  Protocarbonate  of  Iron,  (FeO,  COg,  Eq.  58),  is  found 
native  in  immense  quantities,  forming  a  valuable  ore  of  iron.  In 
its  less  usual  condition,  when  crystallized,  it  constitutes  spathic  iron 
ore,  and  occurs  in  yellowish  lenticular  crystals,  the  primary  form  of 
which  is  a  rhombohedron,  isomorphous  with  calcareous  spar.     The 
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clay  iron  ore_,  from  which  the  greater  part  of  the  English  iron  is 
obtained^  is,  as  already  mentioned,  an  impure  carbonate  of  iron. 
Clay  iron-stone,  besides  the  more  nsual  form  of  bands  or  seams 
accompanying  the  coal  strata,  occurs  also  in  detached  nodules  or 
lumps,  sometimes  of  very  large  size,  imbedded  in  the  clay  of  the 
same  formations.  Carbonate  of  iron  is  the  salt  contained  in  most 
ferruginous  springs,  and  is  held  in  solution  by  free  carbonic  acid : 
it  is  rarely  present  in  larger  quantity  than  i  grain  per  pint.  Mere 
exposure  to  air  causes  its  separation ;  the  acid  escapes,  oxygen  is 
absorbed,  and  hydrated  peroxide  of  iron,  mixed  with  a  small  quan- 
tity of  organic  matter,  subsides,  forming  the  ochry  deposits  so  usual 
around  chalybeate  springs.  The  protocarbonate  of  iron  may  be 
produced  artificially  by  mixing  a  protosalt  of  iron  with  an  alkaline 
carbonate,  when  it  falls  as  a  pale  green  voluminous  hydrate,  which 
is  speedily  altered  by  exposure  to  air.  No  percarbonate  of  this 
metal  appears  to  exist,  but  the  bicarbonate  of  potash  as  well  as 
that  of  soda  dissolves  the  hydrated  peroxide  of  iron ;  the  red  solu- 
tion thus  formed  is  very  slowly  decomposed  by  prolonged  ebullition. 

(645)  Phosphates  of  Iron. — Triprotophosphate  of  Iron  (HO, 
2  FeO,  PO5),  falls  as  a  white  powder  on  adding  triphosphate  of 
soda  to  a  protosalt  of  iron ;  by  exposure  to  air  it  absorbs  oxygen, 
and  becomes  blue.  A  hydrated  blue  phosphate  of  iron  is  found 
native ;  it  is  known  as  vivianite.  It  is  probably  a  mixture  of 
phosphates  of  the  protoxide  and  peroxide  of  iron ;  HO,  ii  FeO, 
POg  +  2(Fe203,P05),  and  contains  about  30  per  cent,  of  water. 

A  sesquiphosphate  (Fe203,  P05  +  4aq),  is  obtained  as  a  white 
powder  by  decomposing  sesquichloride  of  iron  by  an  alkaline  tri- 
phosphate. Exposure  of  this  salt  to  air  produces  no  change.  It 
is  insoluble  in  acetic  acid,  but  soluble  in  peracetate  of  iron :  phos- 
phoric acid  is  sometimes  precipitated  in  this  form  in  the  course  of 
analysis. 

(646)  Characters  of  the  Salts  of  Iron. — Iron  forms  two 
classes  of  salts,  both  of  which  are  readily  distinguished  from  each 
other  and  from  those  of  other  metals.  The  salts  of  iron  are  not 
poisonous,  unless  administered  in  excessive  quantities ;  they  form 
valuable  tonics  and  astringents  when  taken  internally.  The  solu- 
tions both  of  the  protosalts  and  of  the  persalts  have  an  inky, 
astringent  taste. 

I.  Salts  of  the  Protoxide. — The  protosalts  of  iron,  when  in 
solution,  or  when  crystallized,  have  a  pale  green  colour ;  they  give  no 
precipitate  in  acidulated  solutions  with  hydrosulphuric  acid.  With 
the   alkalies  a  grey  or  green  precipitate  of  hydrated  protoxide  is 
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formed;  it  quickly  passes  through  various  shades  of  green  into 
brown  by  exposure  to  the  air ;  this  change  of  colour  is  due  to  the 
absorption  of  oxygen,  in  consequence  of  which  the  sesquioxide  is 
eventually  produced.  If  the  precipitate  be  produced  by  ammonia^ 
an  excess  of  this  reagent  redissolves  a  part  of  the  precipitate  ;  and  if 
the  solution  contain  chloride  of  ammonium,  the  whole  of  the  oxide 
will  be  redissolved  :  this  solution  rapidly  absorbs  oxygen  from  the 
air,  and  a  film  of  sesquioxide  of  the  metal  forms  npon  the  surface. 
Red  prussiate  of  j^otash,  added  to  a  neutral  or  acid  solution  gives  a 
bright  blue  precipitate,  which  is  one  of  the  varieties  of  Prussian 
bkie.  If  a  solution  of  a  protosalt  of  iron  be  boiled  with  nitric 
acid,  the  metal  is  completely  converted  into  a  salt  of  the  peroxide  : 
the  same  thing  is  effected  by  the  action  of  chlorine  or  bromine,  or 
by  boiling  an  acidulated  solution  of  the  salt  with  a  small  quantity 
of  chlorate  of  potash. 

2.  Salts  of  the  peroxide. — In  solution  they  have  a  yellowish  or 
reddish  brown  colour.  Hydrosulphuric  acid  reduces  them  to  the 
state  of  protosalts,  whilst  a  white  deposit  of  sulphur  occurs :  for 
example,  with  the  persulphate  the  following  reaction  takes  place: — 

FcaOg,  3  S03  +  HS  =  2(reO,  803)  + HO,  SO3  +  S. 

With  hydrosulphate  of  ammonia  a  black  hydrated  sulpliide  of 
iron  is  precipitated.  The  alkalies  give  a  reddish  brown  voluminous 
precipitate  of  hydrated  peroxide,  insoluble  in  excess  of  alkali. 
Sulphocyanide  of  potassium  gives  an  intense  blood-red  solution. 
Yellow  prussiate  of  potash,  a  bright  blue  precipitate  of  ordinary 
Prussian  blue.  Tincture  of  galls  in  neutral  solutions,  a  bluish- 
black,  inky  precipitate ;  this  test  is  rendered  much  more  delicate  in 
its  indications  by  the  addition  of  water  holding  a  little  bicarbonate 
of  lime  in  solution :  it  is  the  colouring  matter  of  ordinary  writing 
ink.  In  neutral  solutions  the  henzoates  and  the  succinates  of  the 
alkalies  give  voluminous  insoluble  precipitates :  benzoate  or  succi- 
nate of  ammonia  or  potash  is  sometimes  employed  to  separate  iron 
from  nickel  and  cobalt,  as  the  benzoates  and  the  succinates  of 
these  metals  are  soluble.  If  a  solution  of  a  persalt  of  iron,  to 
which  potash  has  been  added  till  it  begins  to  occasion  a  permanent 
precipitate,  be  raised  to  the  boiling  point,  it  is  completely  decom- 
posed, and  an  insoluble  subsalt  of  iron  is  precipitated :  this  property 
is  often  turned  to  account  in  the  separation  of  iron  from  cobalt, 
nickel,  and  manganese,  which  are  not  precipitated  under  similar 
circumstances. 

Before  the  blowpipe  both   classes  of  the   salts  act  alike :  with 
borax  in  the  reducing  flame  they  give  a  green  glass,  which  becomes 
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colourless,  or  yellowish  (if  the  iron  be  in  large  quantity)  when  held 
in  the  oxidating  flame.  All  the  salts  of  iron  give  with  hydrosul- 
phate  of  ammonia  a  black  precipitate  of  sulphide  of  iron. 

(647)  Estimation  of  Iron. — In  estimating  the  quantity  of  iron 
for  the  purposes  of  analysis^  it  should  always  be  first  converted  into 
a  persalt^  by  boiling  with  nitric  acid  or  otherwise^  and  precipitated 
by  excess  of  ammonia^and  then  well  washed  and  ignited :  pure  sesqui- 
oxide  of  iron  remains^  consisting  in  100  parts  of  70  of  iron  and  30 
of  oxygen.  Iron  is  thus  readily  separated  from  the  alkalies  and 
alkaline  earths.  If  magnesia  be  present,  it  is  apt  to  be  partially 
precipitated  with  the  oxide  of  iron,  unless  the  solution  contain  a 
considerable  quantity  of  chloride  of  ammonium.  When  tartaric 
acid,  sugar,  and  various  other  forms  of  organic  matter  are  present 
in  the  solution,  ammonia  precipitates  the  peroxide  of  iron  very 
imperfectly :  in  such  a  case  hydrosulphate  of  ammonia  must  be 
employed.  The  iron  is  thus  thrown  down  completely  as  sulphide; 
this  precipitate  must  be  redissolved  in  nitric  acid,  and  then  the  iron 
may  be  obtained  as  peroxide  by  adding  an  excess  of  ammonia  to 
the  solution. 

(648)  Separation  of  Iron  from  Alumina  and  Glucina. — If 
alumina  and  glucina  are  contained  in  the  liquid,  they  accompany 
the  peroxide  of  iron  when  precipitated  by  ammonia.  When  these 
earths  are  present,  the  precipitation  should  be  effected  by  an 
excess  of  caustic  potash  instead  of  ammonia ;  the  precipitate  should 
be  gently  warmed  with  the  liquid  for  the  purpose  of  dissolving  out 
the  earths.  The  solution  is  filtered  from  the  oxide  of  iron,  which 
requires  long  washing  with  boiling  water  to  remove  the  last  traces 
of  potash.  The  ahimina  and  glucina  are  obtained  from  the  alkaline 
filtrate  by  neutralizing  it  with  hydrochloric  acid,  and  then  adding  a 
slight  excess  of  ammonia ;  the  alumina  and  glucina  precipitate 
together,  and  must  be  separated  in  the  manner  described  in  (578), 

(649)  Separation  of  Iron  from  Zhic,  Cadmium,  Cobalt,  Nickel, 
and  Manganese. — Having  precipitated  the  cadmium  by  sulphuretted 
hydrogen,  and  reconverted  the  iron  into  peroxide  by  boiling  the 
liquid  with  a  small  quantity  of  nitric  acid,  the  solution  is  digested 
in  the  cold  upon  an  excess  of  pure,  finely  levigated  carbonate  of 
baryta,  with  frequent  agitation  :  the  iron  is  completely  separated  in 
the  form  of  a  basic  salt  of  the  peroxide,  which  must  be  thoroughly 
washed.  This  precipitate  is  then  redissolved  in  hydrochloric"  acid, 
and  the  baryta  separated  by  the  addition  of  dilute  sulphmic  acid ; 
the  iron  may  afterwards  be  precipitated  by  ammonia  as  usual. 

Sometimes  ammonia  in  excess  is  made  use  of  to  separate  iron 
from  these  metals,,  which  all  form  soluble  compounds  with  ammo- 
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nia,  and  whicli,  it  is  supposed,  will  retain  them  in  solution,  but  this 
method  should  never  be  resorted  to  in  analysis,  as  the  iron  always 
retains  a  large  quantity  of  the  other  oxides. 

(650)  Separation  of  Iron  from  Uranium. — The  iron  having  been 
converted  into  peroxide,  is  precipitated  by  a  large  excess  of  car- 
bonate of  ammonia,  which  retains  most  of  the  uranium.  This 
process,  however,  although  usually  adopted,  is  imperfect :  as,  if  the 
quantity  of  iron  be  at  all  large,  it  retains  a  considerable  proportion 
of  uranium. 

(651)  Estimation  of  a  mixture  of  Protoxide  and  Peroxide  of 
Iron. — It  often  happens  that  the  chemist  has  to  ascertain  the  rela- 
tive proportions  of  protoxide  and  sesquioxide  of  iron  which  a  com- 
pound contains.  Many  chemists  employ  for  this  purpose  the 
process  contrived  by  Margueritte,  which  consists  in  ascertaining 
the  quantity  of  a  measured  solution  of  permanganate  of  potash  of 
known  strength,  which  the  solution  of  iron  can  deoxidize  and 
deprive  of  colour  [Ann.  de  Chimie,  III.  xviii.  244). 

If  the  compound  of  iron  for  examination  be  soluble  in  hydro- 
chloric acid,  the  following  process  by  Dr.  Penny  will  be  found 
both  easy  of  execution  and  accurate  in  its  results.  It  is  based 
upon  the  power  which  a  solution  of  bichromate  of  potash  in  excess 
of  hydrochloric  acid  possesses  of  converting  protochloride  of  iron 
into  perchloride,  while  the  chromium  is  reduced  to  the  state  of 
sesquichloride,  in  the  manner  shown  by  the  following  equation : — 

KO,  2  Cr03  +  6FeCH-7  HCl=3(Fe2Cl3)+Cr2Cl3  4-KCl  +  7  HO. 

In  order  to  carry  this  process  into  effect,  44*4  grains  of  pure  bichro- 
mate of  potash  are  introduced  into  an  alkalimeter  burette  (480), 
which  is  to  be  filled  up  to  o  o  with  tepid  water ;  the  mixture  is  to 
be  agitated  until  the  salt  is  dissolved.  Each  division  of  the 
instrument  contains  sufficient  of  the  bichromate  to  convert  half  a 
grain  of  protochloride  of  iron  into  sesquichloride.  The  ore  for 
experiment  having  been  reduced  to  an  extremely  fine  powder,  100 
grains  of  it  are  boiled  in  a  flask  for  ten  or  fifteen  minutes  with 
about  2  ounces  of  hydrochloric  acid,  of  sp.  gr.  I'loo:  about  6 
ounces  of  boiling  distilled  water  are  to  be  added,  and  the  mixture 
immediately  transferred  to  an  evaporating  basin,  taking  care  to 
rinse  out  the  flask  thoroughly.  A  white  plate  is  then  spotted  over 
with  a  few  drops  of  a  weak  solution  of  red  prussiate  of  potash,  and 
the  bichromate  is  cautiously  added  from  the  alkalimeter  to  the 
solution  of  iron  (which  is  kept  in  continual  agitation),  until  it 
assumes  a  dark  greenish  shade  ;  as  soon  as  this  begins  to  appear, 
it  must   be    tested   after  each    addition    of   the   bichromate,    by 
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taking  out  a  drop  of  the  solution  on  a  glass  rod^  and  adding  it  to 
one  of  the  drops  of  the  red  prussiate.  When  the  last  drop  no  longer 
occasions  a  blue  precipitate^  the  operation  is  ended,  and  the  number 
of  divisions  of  the  liquid  which  has  been  added,  when  multiplied 
by  two,  indicates  the  amount  of  metallic  iron  which  exists  in  the 
form  of  protoxide  in  loo  parts  of  the  ore.  The  total  quantity  of 
iron  present  in  the  solution  may  be  ascertained  by  making  a 
second  experiment  on  a  fresh  portion  of  the  ore,  and  reducing  the 
metal  whilst  still  in  the  flask  with  the  hydrochloric  acid,  to  the 
state  of  protoxide  :  this  is  readily  effected  by  adding  a  solution  of 
sulphite  of  soda  until  a  drop  of  the  liquid  ceases  to  give  a  red 
colour  when  mixed  with  a  drop  of  solution  of  sulphocyanide  of 
potassium,*  placed  upon  a  white  plate :  the  liquid  is  then  boiled 
to  expel  the  excess  of  sulphurous  acid.  When  the  iron  has  thus 
been  reduced  to  the  state  of  protoxide,  the  whole  quantity  of  the 
metal  present  may  be  ascertained  by  means  of  the  solution  of  bichro- 
mate of  potash,  as  before;  the  difference  between  the  two  results  will 
give  the  per-centage  of  metallic  iron  present  in  the  form  of  peroxide. 

{6^2)  Analysis  of  Cast-iron,  Steel,  and  Bar-Iron.  —  For  this 
purpose  the  metal  must  be  reduced  to  a  fine  state  of  subdivision 
by  means  of  a  new  file,  previously  freed  from  oil  by  the  action  of  a 
solution  of  potash;  the  fine  particles  detached  are  to  be  sifted 
through  a  lawn  sieve.  Some  kinds  of  cast-iron  are  too  hard  to 
admit  of  being  filed ;  they  must  be  crushed  in  a  small  mortar  made 
of  hard  steel. 

I.  The  proportion  of  carbon  is  ascertained  by  mixing  from 
50  to  100  grains  of  finely  divided  iron  with  about  10  times 
its  weight  of  chromate  of  lead;  then  placing  it  in  an  apparatus 
similar  to  that  shown  in  fig.  244,  and  burning  the  iron  in  a  very 
gentle  current  of  oxygen;  the  carbonic  acid  which  is  formed  is 
collected  in  solution  of  potash  placed  in  Liebig^s  bulbs.  The  tube 
which  contains  the  iron  is  gradually  heated  with  charcoal,  com- 
mencing at  the  extremity  nearest  the  potash  bulbs,  and  the  fire  is 
slowly  advanced  towards  the  other  end,  until,  when  the  operation 
is  completed,  the  whole  length  of  the  tube  is  red-hot.  From  the 
quantity  of  carbonic  acid  thus  obtained,  the  proportion  of  carbon 
in  the  iron  may  be  calculated.  But  it  has  been  already  explained 
that  cast-iron  contains  carbon  partly  in  chemical  combination,  partly 

*  The  reducing  effect  of  sulphite  of  soda  on  the  perchloride  of  iron  may 
be  explained  by  the  following  equation,  from  which  it  will  be  seen  that  the 
sulphite  is  converted  into  sulphate  of  soda  during  the  operation : — 

Fe^Clg  +  HO  -f  JSTaO,  SO.  =  2  (FeCl)  -H  HCl  -H  NaO,  SO3. 


STEEL,    AND    BAR-IRON.  907 

in  a  state  of  mechanical  mixture,  and  it  is  important  to  determine 
the  relative  proportions  of  the  carbon  which  exist  in  these  different 
conditions.  This  may  be  effected  by  dissolving  the  iron  in  hydro- 
chloric acid.  In  this  operation  all  the  carbon  which  was  chemi- 
cally combined  with  the  iron  is  separated  in  the  form  either  of  a 
gaseous  compound  of  carbon  and  hydrogen,  or  as  a  liquid  hydro- 
carbon ;  whilst  the  scales  of  graphite  mechanically  diffused  through 
the  metal  are  not  acted  upon  by  the  acid,  and  are  left  in  a  solid 
form  mixed  with  silica.  In  order  to  ascertain  the  proportion  of 
graphite  in  this  residue,  it  is  collected  on  a  small  weighed  filter,  and 
washed  with  ether  to  remove  any  adhering  liquid  hydrocarbon ; 
the  filter  and  its  contents  are  dried  at  212°  F.,  and  weighed  in  a 
covered  crucible.  The  residue  is  then  burned,  and  the  silica  which 
remains  is  deducted  from  the  weight  of  the  precipitate  collected  on 
the  filter. 

2.  The  quantity  of  silicon  contained  in  the  iron  is  ascertained 
by  dissolving  the  metal  in  hydrochloric  acid  and  evaporating  the 
solution  to  dryness,  moistening  with  concentrated  hydrochloric 
acid,  thus  dissolving  all  the  soluble  matter  in  water,  and  collecting 
the  silica  on  a  filter :  from  this  residue,  after  the  graphite  is 
burned  off,  the  quantity  of  silicon  can  be  estimated,  100  parts  of 
silicic  acid  representing  48  of  silicon. 

3.  Sulphur,  Phosphorus,  and  Arsenic. — The  most  accurate 
mode  of  estimating  these  substances  consists  in  deflagrating  about 
50  grains  of  the  finely-divided  iron  with  about  six  times  its 
weight  of  a  mixture  of  5  parts  of  pure  nitre,  and  i  part  of  car- 
bonate of  potash,  in  a  crucible  of  silver,  or,  still  better,  of  gold.* 
The  phosphorus,  sulphur,  and  arsenic  are  thus  converted  into 
phosphoric,  sulphuric,  and  arsenic  acids,  and  combine  with  the 
potash;  when  the  fused  mass  is  digested  in  water  they  are  dis- 
solved, whilst  the  oxide  of  iron  remains  undissolved.  The  filtered 
solution  is  supersaturated  with  hydrochloric  acid,  and  the  sulphuric 
acid  is  thrown  down  by  means  of  chloride  of  barium  ;  the  excess 
of  baryta  is  removed  by  adding  sulphuric  acid,  and  the  arsenic  is 
thrown  down  by  a  current  of  sulphuretted  hydrogen.  The  liquid, 
filtered  from  sulphide  of  arsenic,  is  now  neutralized  by  ammonia, 
and  on  the  addition  of  a  few  drops  of  solution  of  sulphate  of  mag- 
nesia, the  phosphoric  acid  is  gradually  separated,  on  standing,  as 
the  crystalline  double  phosphate  of  magnesia  and  ammonia. 


*  Any  traces  of  vanadium  or  of  chromium  would  also  be  oxidized,  and 
on  digesting  the  mass  in  water  would  dissolve  out  in  the  alkaline  liquid. 
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The  oxide  of  iron  is  dissolved  in  hydrochloric  acid,  and  a 
current  of  sulphuretted  hydrogen  is  transmitted,  by  which  copper 
would  he  separated  as  sulphide ;  the  filtrate  is  boiled  with  nitric 
acid,  and  the  iron  separated  from  manganese,  cobalt,  or  nickel  by 
means  of  carbonate  of  baryta  in  the  manner  already  described  (649). 

§  VII.  Chromium. 
Symbol,  Cr;  Equivalent,  26*27;  Specific  Gravity,  ^'g. 

{6^^)  Chromium  is  a  metal  which  is  but  sparingly  distributed 
over  the  earth.  Its  most  important  ore  is  the  chrome  iron-stone, 
a  compound  of  protoxide  of  iron  and  sesquioxide  of  chromium 
(FeO,  CrgOg),  which  has  now  and  then  been  met  with  crystallized 
in  regular  octohedra  like  the  magnetic  oxide  of  iron,  to  w^hich  it 
corresponds  in  composition ;  but  is  more  generally  found  massive : 
it  is  principally  supplied  from  the  United  States  and  from  Sweden. 
Occasionally  the  metal  occurs  in  a  higher  state  of  oxidation, 
in  combination  with  oxide  of  lead,  as  chromate  of  lead  (PbO,Cr03). 
Indeed  it  w  as  in  this  beautiful  mineral  that  Vauquelin  in  the  year 
1797  first  discovered  the  existence  of  chromium. 

To  obtain  the  pure  metal,  oxide  of  chromium  is  intimately 
mixed,  in  fine  powder,  with  charcoal,  and  made  up  into  a  paste 
with  oil;  it  is  then  placed  in  a  crucible  lined  with  charcoal, 
and  the  cover  of  the  crucible  is  luted  on,  after  which  it  is  exposed 
for  two  hours  to  the  heat  of  a  good  wind  furnace ;  an  agglomerated 
mass,  of  metallic  appearance,  is  thus  obtained.  It  is  not  pure 
chromium,  but  consists  of  a  combination  of  carbon  with  the  metal. 
Chromium  obtained  by  this  method  is  very  difiicult  of  fusion ;  it 
generally  forms  a  porous  mass  composed  of  brilliant  grains,  which 
are  hard  enough  to  scratch  glass.  In  this  state  it  has  a  specific 
gravity  of  about  5*9.  If  ignited  with  the  alkalies,  alkaline  car- 
bonates, or  nitrates,  it  is  rapidly  converted  into  chromic  acid, 
which  combines  with  the  alkaline  base.  It  may,  however,  be  heated 
to  redness  in  the  open  air,  without  becoming  oxidized,  and  is  not 
acted  on  by  any  acid  except  the  hydrochloric  acid. 

Another  modification  of  the  metal  may  be  procured  by  decom- 
posing its  sesquichloride  by  heating  it  with  potassium;  after  washing 
the  residue  with  water,  the  metal  remains  in  the  form  of  a  dark  grey 
powder,  which  assumes  a  metallic  lustre  under  the  burnisher.  This 
pulverulent  chromium,  if  heated  in  the  air,  takes  fire  below  red- 
ness, and  burns  brilliantly.      It  is  oxidized  with  great  violence  by 
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nitric  acid,  sometimes  becoming  incandescent  during  the  action ; 
it  is  dissolved  by  hydrochloric  acid  and  dilute  sulphuric  acid,  with 
evolution  of  hydrogen. 

Metallic  chromium  has  not  been  apphed  in  the  arts,  but  its 
oxide  and  many  of  the  chromates  are  highly  valued  as  colouring 
materials,  both  in  painting  on  porcelain  and  in  calico  printing. 

(654)  Compounds  of  Chromium  with  Oxygen,  —  Chromium 
forms  4  well  marked  oxides;  a  protoxide,  CrO;  a  sesquioxide, 
CraOg,  both  capable  of  forming  salts  with  acids  :  an  intermediate 
oxide  (CrO,  Cr203),  corresponding  to  the  magnetic  oxide  of  iron, 
and  a  powerful  metallic  acid  (CrOg),  chromic  acid,  corresponding 
to  manganic  and  ferric  acids.  It  also  appears  probable  that  a 
perchromic  acid  (Cr207)  exists ;  at  least  a  blue  liquid  is  obtained 
on  pouring  peroxide  of  hydrogen  into  a  solution  of  chromic  acid. 

Protoxide  of  Chromium  (CrO) ;  Eq.  34-3 — This  oxide  is  known 
only  in  the  hydrated  condition.  It  is  obtained  as  a  dark  brown 
precipitate  on  adding  caustic  potash  to  a  solution  of  the  proto- 
chloride  of  chromium ;  it  absorbs  oxygen  with  great  avidity,  and 
even  decomposes  water,  with  extrication  of  hydrogen,  and  then 
becomes  converted  into  the  intermediate  hydrated  oxide  (CrO,  Cr2^3> 
HO),  which  is  of  the  colour  of  Spanish  snufF. 

The  protoxide  of  chromium  forms  a  double  sulphate  with  sul- 
phate of  potash  (CrO,  S0;3  +  K0,  SO3,  6  aq),  corresponding  to  the 
double  sulphate  of  iron  and  potash  both  in  form  and  composition. 
The  crystals  are  of  a  fine  blue  colour. 

(6^^)  Sesquioxide  [Cy^O^]  Eq.'j6-^;  Sp.  Gr.  crystallized,  ^'21. 
— This  oxide  is  obtained  as  a  greyish-green  hydrate  by  boiling 
with  alcohol  a  solution  of  bichromate  of  potash  acidulated  with 
sulphuric  acid.  The  alcohol  deprives  the  chromic  acid  of  half 
its  oxygen,  and  the  liquid  becomes  green  from  the  formation  of  a 
sulphate  of  the  sesquioxide.  On  the  addition  of  ammonia,  a  bulky, 
gelatinous,  green  precipitate  of  the  hydrated  oxide  is  produced, 
which,  when  dried  in  the  air,  has  the  formula  (Cr203,  10  aq).  In 
this  form  it  is  freely  soluble  in  acids,  and  forms  salts  the  solutions 
of  which  are  of  a  green  colour ;  but  they  do  not  crystallize.  Sesqui- 
oxide of  chromium,  though  comparatively  a  feeble  base,  forms  also 
another  isomeric  set  of  soluble  salts,  which  are  of  a  violet  colour. 
If  these  violet-coloured  salts  be  precipitated  by  an  alkali,  they  give 
a  bluish- green  hydrated  oxide,  which  if  redissolved  in  an  acid  without 
the  application  of  heat,  reproduces  the  violet-coloured  salts.  If 
the  liquid  be  heated  to  the  boiling  point,  or  a  little  short  of  it,  the 
salt  passes   at  once  into  the  green  modification.     The  violet  salts 
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crystallize  readily.  The  oxide  from  the  violet  salts  is  soluble  in 
excess  of  ammonia;  and  by  long  digestion  with  strong  ammonia 
the  green  modification  of  the  oxide  passes  into  the  violet,  and  is 
dissolved  by  the  alkali.  Potash  and  soda  precipitate  the  hydrated 
oxide  from  both  varieties,  and  redissolve  it  if  added  in  excess, 
forming  a  green  solution,  from  which,  on  boiling,  the  whole  of  the 
oxide  of  chrome  separates  as  the  hydrate  of  the  green  salts.  The 
hydrate  thus  obtained,  according  to  Fremy,  contains  9  equivalents 
of  water;  (CrgOg,  9  HO).  When  the  hydrated  oxide  is  heated,  it 
parts  with  its  water  below  redness,  after  which  it  is  much  less 
soluble  in  acids.  If  heated  a  little  beyond  this  point,  it  suddenly 
becomes  incandescent,  shrinks  considerably  in  bulk,  and  is  no 
longer  attacked  by  acids.  Besides  the  two  soluble  varieties  of  the 
salts  of  chrome  before  mentioned,  a  third  anhydrous,  insoluble 
series  is  known,  corresponding,  it  would  seem,  to  the  dense  and 
comparatively  inert  modification  of  the  metal  itself. 

The  green  oxide  of  chrome  is  not  decomposed  by  heat,  and  hence 
is  used  as  a  green  colour  in  enamel  painting.  It  is  usually  pre- 
pared for  this  purpose  by  decomposing  chromate  of  mercury  by  a 
red  heat :  half  the  oxygen  of  the  acid  is  expelled  along  with  the 
oxide  of  mercury.  Chromate  of  ammonia  may  be  employed  in- 
stead of  chromate  of  mercury  with  equally  good  results.  Another 
method  consists  in  strongly  igniting,  in  a  covered  crucible,  an 
intimate  mixture  of  4  parts  of  powdered  bichromate  of  potash  and 
I  part  of  starch ;  the  carbonate  of  potash  resulting  from  the  de- 
composition is  washed  out,  and  the  oxide  of  chrome  which  remains, 
after  undergoing  a  second  calcination,  yields  a  beautiful  clear  green 
colour.  There  are  also  a  variety  of  other  modes  of  obtaining  it. 
Oxide  of  chrome  is  the  colouring  ingredient  in  greenstone,  in  the 
emerald,  in  pyrope,  and  in  several  other  minerals.  The  pink  colour 
used  on  earthenware  is  prepared  by  heating  to  redness  a  mixture 
of  30  parts  of  peroxide  of  tin,  10  of  chalk,  and  j  of  chromate  of 
potash ;  the  product  is  then  finely  powdered,  and  washed  with  weak 
muriatic  acid ;  a  beautiful  rose-tint  is  thus  obtained. 

(656)  Chromic  Acid  (CrOg) ;  Eq.  50-3,  Sp.  Gr.  2*676. — There 
are  several  modes  of  obtaining  this  compound.  The  simplest 
consists  in  mixing  4  measures  of  a  cold  saturated  solution  of 
bichromate  of  potash  with  5  of  oil  of  vitriol :  as  the  liquid  cools, 
the  chromic  acid  separates  in  beautiful  crimson  needles ;  for  though 
very  soluble  in  water,  the  acid  has  the  peculiarity  of  being  nearly 
insoluble  in  sulphuric  acid  of  Sp.  Gr.  1-55,  but  is  freely  dissolved 
by  it  either  in  a  more  concentrated,  or  in  a  more  dilute  condition. 


CHROMIC    ACID — CHROMATES    OF    POTASH.  911 

The  crystals  are  allowed  to  dry  upon  a  porous  tile,  under  a  bell- 
glass.  A  good  deal  of  sulphuric  acid  however  still  adheres  to 
them :  M.  Fritsche  recommends,  in  order  to  remove  this  sul- 
phuric acid,  that  the  crystals  should  be  dissolved  in  water,  and  a 
solution  of  bichromate  of  baryta  should  be  added  in  quantity  just 
sufficient  to  throw  down  the  whole  of  the  sulphuric  acid  as  sulphate 
of  baryta :  the  solution  may  be  recrystalUzed  by  evaporation  in 
vacuo. 

Chromic  acid  when  dried  at  a  gentle  heat  is  anhydrous.  While 
hot  it  is  black,  but  becomes  dark  red  on  cooling  :  at  about  400°  F. 
it  fuses,  and  if  heated  more  stronglj'^,  becomes  vividly  incandescent, 
and  is  converted  into  the  sesquioxide  with  disengagement  of  oxygen. 
Chromic  acid  deliquesces  when  exposed  to  the  air.  It  has  a  sour, 
metallic  taste,  and  possesses  considerable  oxidizing  power,  from  the 
facility  with  which  it  is  reduced  to  sesquioxide  of  chromium. 
Chromic  acid  forms  more  than  one  crystalline  compound  with  sul- 
phuric acid :  these  compounds  are  decomposed  by  water. 

Chromates. — Chromic  acid  combines  with  bases,  and  forms  three 
classes  of  salts — basic,  neutral,  and  acid.  The  chromates  of  the 
alkalies  are  soluble  in  water ;  the  neutral  salts  have  a  yellow 
colour ;  the  acid  salts  are  of  a  bright  orange  :  the  most  important 
of  these  salts  are  the  chromate  and  bichromate  of  potash,  from 
which  the  other  chromates  are  generally  obtained. 

The  bichromate  of  potash  (KO,  2  CrOg,  Eq.  I47"5,  Sp.  Gr, 
2'624),  crystallizes  in  large  red,  transparent,  anhydrous  4-sided 
tables.  It  fuses  below  redness,  and  as  it  cools  splits  to  pieces  from 
the  inequality  of  its  contraction.  It  requires  about  10  times  its 
weight  of  water  at  60°  for  its  solution.  When  heated  with  sulphuric 
acid,  oxygen  gas  is  evolved,  and  sulphate  of  potash  and  sulphate  of 
sesquioxide  of  chromium  are  formed  : — 

(KO,  2  Cr03)+4  S03  =  KO,S03  +  (Cr203.  3S03)+03. 

If  a  solution  of  carbonate  of  potash  be  added  to  the  bichromate, 
until  it  becomes  of  a  pale  yellow  colour,  carbonic  acid  is  expelled, 
and  the  neutral  chromate  (KO,  Cr03,  Eq.  97*3,  Sp.  Ch\  :z"682),  is 
formed.  This  salt  dissolves  in  about  twice  its  weight  of  cold 
water,  and  still  more  freely  in  boiling  water;  it  has  a  pure  and  intense 
yellow  colour.  A  very  small  quantity  of  the  salt  suffices  to  im- 
part a  yellow  tinge  to  a  considerable  volume  of  water.  By 
evaporation  chromate  of  potash  may  be  obtained  with  some  diffi- 
culty, in  transparent,  yellow,  anhydrous  prisms, which  are  isomorphous 
with  those  of  sulphate  of  potash;  at  a  red  heat  it  fuses  without  under- 
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going  decomposition.  A  terchromate  of  potash  (KO,  3  CrOg),  also 
anhydrous^  was  obtained  by  Mitscherlich  in  deep  red  crystals,  by 
adding  an  excess  of  nitric  acid  to  a  solution  of  the  bichromate,  and 
allowing  it  to  evaporate. 

To  procure  the  biclu^omate  of  potash,  chrome  ironstone  is 
reduced  to  an  extremely  fine  powder,  and  heated  in  a  reverberatory 
furnace  with  carbonate  of  potash  and  a  small  proportion  of  nitre, 
the  mixture  being  constantly  stirred,  to  hasten  the  oxidation.  When 
this  is  complete,  the  product  is  digested  in  water,  and  the  yellow 
solution  is  drawn  off  from  the  insoluble  matter ;  it  is  then  super- 
saturated with  nitric  acid;  a  portion  of  silica  is  precipitated, and  after 
this  has  been  separated,  the  liquid,  on  evaporation,  yields  crystals 
of  bichromate  of  potash,  which  are  purified  by  recrystallization. 

According  to  M.  Schweitzer  several  double  salts  may  be  formed 
by  digesting  bichromate  of  potash  with  an  equivalent  of  some  other 
base,  such  as  lime  or  magnesia.  The  chromate  of  magnesia  and 
potash  crystallizes  in  oblique  rhombic  prisms,  (KO,  jMgO,  2  Cr03  + 
2  HO)  and  a  salt  of  similar  composition  may  be  obtained  with  lime. 

Chromate  of  Soda  (NaO,  CrOg,  10  aq,  Eq.  8i'3-f  90),  may  be 
obtained  in  a  similar  manner  to  the  chromate  of  potash  :  it  crys- 
tallizes like  the  sulphate  of  soda  with  10  equivalents  of  water ;  a 
bichromate  of  soda  may  likewise  be  formed. 

Bichromate  of  Lime  is  formed  in  many  chrome  works  as  a 
preliminary  stage  in  the  manufacture  of  the  chromates.  Jacquelain 
decomposes  chrome  ore  by  roasting  it  in  fine  powder  intimately 
mixed  with  chalk,  grinds  the  roasted  mass  with  water,  and  adds 
sulphuric  acid  till  the  liquid  has  an  acid  reaction,  in  which  case 
bichromate  of  lime  is  formed,  and  remains  in  solution. 

Chromate  of  baryta  is  a  canary  yellow  insoluble  powder. 
Chromate  of  strontia  is  yellow  and  soluble.  Subchromate  of  mer- 
cury {4  HgaO,  3  CrOg),  falls  as  an  orange-coloured  insoluble  precipi- 
tate on  adding  subnitrate  of  mercury  to  a  soluble  chromate. 
Chromate  of  silver  (AgO,  CrOg,  Sp.  Gr.  5770),  is  of  a  dark  red 
colour,  the  tint  of  which  is  deeper  if  the  solutions  be  mixed  whilst 
hot  :  it  is  crystalline,  and  sparingly  soluble. 

Chromate  of  Lead  (PbO,  CrOg,  Eq.  162-3,  ^P-  ^^-  5'^63)f 
forms  the  pigment  called  ^chrome  yellow.^  It  is  obtained  by 
precipitating  solution  of  acetate  of  lead  by  one  of  chromate  or  of 
bichromate  of  potash.  Chromate  of  lead  is  insoluble  in  water,  or 
in  acids,  but  like  all  the  insoluble  salts  of  lead,  it  is  dissolved  by  a 
large  excess  of  potash  or  soda.  A  Bichromate  of  Lead  (2  PbO, 
CrOg,  Sp.  Gr.  6*266),  of  a  splendid  scarlet  colour,  may  be  obtained 
by  adding  to  a  solution  of  nitrate  of  lead  a  solution  of  chromate  of 
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potash,  with  which  an  additional  eqnivalent  of  hydrate  of  potash 
has  been  previously  mixed.  It  may  be  obtained  of  a  still  more 
brilliant  colour  by  fusing  i  part  of  the  neutral  chromate  of  lead 
with  5  parts  of  nitre ;  chromate  of  potash  and  dichromate  of  lead 
are  formed  ;  the  salt  of  potash  may  be  removed  by  washing. 

Chromic  acid  is  the  colouring  matter  of  the  ruby. 

Bichi'omate  of  Chloride  of  Potassium  (KCl,  2  CrO^). — This 
remarkable  compound  may  be  obtained  crystallized  in  orange- 
coloured  needles,  by  dissolving  3  parts  of  bichromate  of  potash,  and 
4  of  hydrochloric  acid,  in  a  little  water  at  a  gentle  heat,  and  allow- 
ing it  to  cool ;  a  large  quantity  of  water  decomposes  the  salt. 

{6r^6  bis)  Sesquisulphide  of  Chromium  (CrgSg),  Eq.  100-5. — ^^^^ 
compound  may  be  obtained  in  black  shining  scales,  resembling  plum- 
bago in  appearance,  when  the  vapour  of  bisulphide  of  carbon  is 
transmitted  over  sesquioxide  of  chromium  strongly  heated  in  a 
porcelain  tube.  The  affinity  of  chromium  for  sulphur  is  but  slight. 
If  the  hydrosulphate  of  ammonia  be  mixed  with  a  salt  of  the  sesqui- 
oxide of  chrome,  the  hydrated  sesquioxide  of  the  metal  is  precipitated, 
whilst  sulphuretted  hydrogen  is  evolved. 

{6^y)  Chlorochromic  Acid,  CrClOa,  or  (CrCl3  +  2  CrOa)  is  a 
dense  red  liquid,  which  emits  copious  red  fumes  of  suffocating 
odour;  it  is  immediately  decomposed  by  water  into  chromic  and 
hydrochloric  acids.  AVhen  dropped  into  strong  solution  of  ammonia 
it  bursts  into  flame  from  the  intensity  of  the  reaction.  If  the  vapour 
be  passed  through  a  tube  of  porcelain  heated  to  redness,  beautiful 
rhombohedral  crystals  of  sesquioxide  of  chromium  are  formed; 
these  crystals  are  isomorphous  with  those  of  corundum ;  they 
are  hard  enough  to  cut  glass,  and  are  of  a  very  dark  green  cojour. 
During  their  formation,  oxygen  and  chlorine  escape  in  consequence 
of  the  following  reaction  ;  2,  (CrClOg)  =  CrgOg  +  CI2  4-  O. 

Chlorochromic  acid  is  analogous  to  the  chlororaolybdic,  chloro- 
tungstic,  and  chlorosulphuric  acids  in  composition,  and  in  the  pro- 
ducts which  it  yields  when  decomposed.  In  order  to  prepare  it, 
10  parts  of  common  salt  are  fused  with  17  of  chromate  of  potash  ; 
the  melted  mass,  when  cold,  is  broken  into  fragments,  and  gently 
heated  in  a  retort,  with  30  parts  of  oil  of  vitriol.  The  chloro- 
chromic acid  distils  over  readily. 

(657  bis)  Compounds  of  Chromium  ivith  Chlorine.  —  Besides 
the  preceding,  chromium  forms  two  compounds  with  chlorine, — a 
protochloride  and  a  sesquichloride.  The  latter  is  the  more 
important. 

Sesquichloride  of  Chromium  (Cr2Cl3),  Eq.  159. — When  a  current 
of  dry  chlorine  is  transmitted  over  an  intimate  mixture  of  finely 
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divided  sesquioxide  of  chromium  and  charcoal,  heated  to  redness 
in  a  glass  tube,  beautiful  scales  of  the  anhydrous  sesquichloride  of 
the  metal  sublime,  of  a  pale  violet  colour ;  when  rubbed  upon  the 
skin  they  have  a  soapy  feel;  they  are  quite  insoluble  in  cold  water, but 
by  boiling  them  with  water  for  some  time  a  green  solution  is  gra- 
dually formed.  Sulphuric  and  hydrochloric  acids,  and  even  aqua 
regia  do  not  dissolve  them.  It  is  however  very  remarkable  that 
the  change  from  this  insoluble  to  the  soluble  green  variety,  is 
effected  in  a  few  moments  with  extrication  of  heat,  by  the  addition 
of  a  minute  quantity  of  the  protochloride  of  chromium.  When  the 
green  hydrated  sesquioxide  of  chrome  is  dissolved  in  hydrochloric 
acid,  a  similar  green  solution  is  formed  :  the  liquid  furnishes,  by 
spontaneous  evaporation,  green  crystals,  which  may  be  represented, 
according  to  Peligot,  as  consisting  of  (Cr202Cl  +  2  HCl+io  HO); 
but  it  is  singular  that  only  two-thirds  of  the  chlorine  which  this 
solution  contains  is  precipitated  when  it  is  mixed  with  nitrate  of 
silver,  {Ann.  de  Chimie,  III.,  xii.,  536  ;  xiv.,  239,  and  xiv.,  294.) 
A  violet  chloride  of  the  metal  which  contains  the  same  proportion 
of  chlorine  may  be  formed  by  precipitating  the  violet-coloured  sul- 
phate of  chrome  by  an  equivalent  quantity  of  chloride  of  barium  : 
nitrate  of  silver  precipitates  the  whole  of  the  chlorine  from  this 
solution. 

Several  oxy chlorides  of  chrome  may  be  formed. 

Protochloride  of  Chromium  (CrCl),  Eq.  617,  is  obtained  by 
heating  the  sesquichloride  to  redness  in  a  current  of  dry  hydrogen 
(carefully  freed  from  every  trace  of  oxygen)  ;  it  is  a  white  sub- 
stance which  is  readily  dissolved  by  water,  forming  a  blue  solution 
which  rapidly  absorbs  oxygen. 

(658)  The  Terfluoride  of  Chromium  (CrFlg)  Eq.  83-3,  is  ob- 
tained by  distilling  4  parts  of  chromate  of  lead,  3  of  powdered  fluor 
spar,  and  8  of  strong  sulphuric  acid,  in  a  platinum  retort ;  sul- 
phates of  lead  and  of  lime  are  formed,  and  the  terfluoride  distils  as  a 
deep  red  vapour,  which  by  a  low  temperature  is  reduced  to  a  blood- 
red  liquid.  The  reaction  which  attends  its  formation  may  be  thus 
represented;  PbO,  CrOg  4-  3  CaF4-4  (HO,  S03)=Pbo',  SOj  4- 
3  (CaO,  S03)4-4HO  +  CrF3. 

Terfluoride  of  chromium  forms  deep  red  fumes  of  chromic  acid 
the  moment  that  it  comes  into  the  air,  as  it  is  instantly  decomposed 
by  moisture :  by  conducting  the  vapour  into  a  moistened  platinum 
crucible  the  vessel  speedily  becomes  filled  with  voluminous  crystals 
of  chromic  acid,  from  which  the  hydrofluoric  acid  may  be  expelled 
by  a  gentle  heat.  The  formation  of  the  chromic  acid  is  readily 
accounted  for  as  follows  ;  Crr3  4-3HO  =  Cr03H-3  HF. 


NITRIDE,    AND    SULPHATES    OF    CHROMIUM.  915 

(659)  Nitride  of  Chromium  Cr3N2?  (Sclirotter) . — If  the  anhydrous 
sesquichloride  of  chromium  be  heated  in  a  current  of  dry  ammo- 
niacal  gas,  chloride  of  ammonium  subUmes,  whilst  the  chloride  of 
chromium  is  decomposed,  emitting  a  purple  light,  and  an  insoluble 
chocolate  brown  compound  of  chromium  and  nitrogen  is  left.  If 
it  be  heated  to  between  300°  and  400°  F.,  in  a  current  of  oxygen, 
it  takes  fire,  and  burns  with  a  beautiful  red  light  into  oxide  of 
chromium,  emitting  nitrogen  gas  mixed  with  red  fumes  of  peroxide 
of  nitrogen. 

{6^gbis)  Sulphate  of  Chromium,,  (CraOg,  3  SO3);  Eq.  196*5. — 
There  are  three  varieties  of  this  salt.  One  of  them  is  a  green  soluble 
compound,  which  is  freely  dissolved  by  alcohol,  but  does  not  crys- 
tallize. It  may  be  obtained  by  boiling  either  of  the  hydrated 
oxides  of  chromium  with  sulphuric  acid.  A  second  modification, 
of  a  violet  colour,  may  be  procured  by  digesting  8  parts  of  the 
hydrated  oxide  of  chromium  dried  at  212°  with  9  parts  of  oil  of 
vitriol,  in  a  shallow  vessel  exposed  to  the  air  at  ordinary  tempera- 
tures. The  mixture  gradually  absorbs  water,  and  becomes  con- 
verted in  two  or  three  weeks'  time  into  a  greenish-blue  mass  of 
crystals :  these  crystals  are  dissolved  by  water,  and  form  a  blue 
liquid,  from  which  alcohol  separates  the  salt  in  crystalline  grains. 
This  modification  forms  with  sulphate  of  potash,  or  with  sulphate 
of  ammonia,  a  beautiful  violet  double  salt  (chrome  alum)  which  crys- 
tallizes by  spontaneous  evaporation  in  bold  octohedra,  and  corre- 
sponds in  form  and  composition  to  ordinary  alum,  the  formula  of 
the  potash  salt  being  (KO,  SO3  +  Cr203  3  SO3,  +  24  aq.),  sp.  gr.  1*826. 
The  solution  of  the  violet  sulphate,  when  boiled,  becomes  green ; 
and  if  the  crystals  of  chrome  alum  be  dissolved  in  water,  and  the 
solution  be  boiled,  the  plum-coloured  liquid  also  becomes  green, 
and  loses  the  power  of  crystallizing  on  cooling.  If  the  violet  sul- 
phate be  heated  to  212°  it  melts  in  its  water  of  crystallization, 
loses  10  equivalents  of  water,  and  becomes  converted  into  the 
green  salt :  but  if  the  temperature  be  raised  to  about  700°,  both 
the  green  and  the  violet  modification  are  rendered  anhydrous,  and 
a  third  salt  is  obtained  in  red  crystals,  which  are  no  longer  soluble 
in  water,  or  even  in  concentrated  acids,  or  aqua  regia.  If  digested 
for  a  long  time  with  water,  however,  it  becomes  converted  into  the 
soluble  form  (Schrotter,  Poggendorff^,  Annal.  liii.,  513).  The  com- 
position of  these  three  sulphates  would  be  represented  as  follows : — 

Red  insoluble  sulphate   .      .     .     CrgOg,  3  SO3 

Green  soluble  sulphate  .      .      .      Cr.^Og,  3  SO3,    5  HO 

Violet  soluble  sul^jhate  .      .      .     CrgOg,  3  SO3  15  HO 
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Several  subsulphates  of  chrome  may  also  be  formed. 

The  Nitrate  of  Chromium  is  a  green  very  soluble  salt ;  when 
gently  ignitecl_,  it  loses  its  acid^  and  yields  a  brown  oxide  of  chrome 
(CrO.^)  which  is  regarded  as  a  chromate  of  sesquioxide  of  chrome 
(Cr^Oa,  CrOa). 

(660)  Characters  of  the  Compounds  of  Chromium  : — 

I .  The  Salts  of  the  Protoxide  are  but  little  known.  They  rapidly 
absorb  oxygen  from  the  air ;  they  are  spariugly  soluble  in  water^ 
and  form  either  red  or  blue  solutions.  Potash  gives  a  brown  pre- 
cipitate of  hydrated  protoxide  of  chromium  in  these  solutions  ; 
ammonia,  a  greenish  white  precipitate^  which  if  hydrochlorate  of 
ammonia  be  present  is  redissolved  by  excess  of  ammonia^  forming  a 
blue  liquid  which  becomes  red  as  it  absorbs  oxygen.  With  sulphide 
of  potassium  they  give  a  black  sulphide ;  and  with  ferrocyanide  of 
potassium  a  greenish  yellow  precipitate.  These  salts  reduce  solu- 
tions of  gold  to  the  metallic  state^  and  convert  corrosive  subli- 
mate into  calomel. 

ci.  The  Salts  of  the  Sesquioxide  have  a  sweetish  astringent 
taste.  They  are  either  green  or  violet  coloured;  the  green  solu- 
tion? generally  transmit  a  red  light.  With  ammonia  they  yield  a 
bulky  gelatinous  precipitate  of  hydrated  sesquioxide  of  chrome. 
Potash  and  Soda  give  a  green  precipitate^  which  is  dissolved  with  a 
green  colour^  in  excess  of  the  cold  alkaline  solution^  but  is  re-precipi- 
tated completely  by  boiling  the  liquid.  The  alkaline  carbonates 
give  a  green  precipitate  which  is  redissolved  by  an  excess  of  the  alka- 
line liquid.  Sulphuretted  hydrogen  gives  no  precipitate.  The  alkaline 
sulphides  precipitate  the  green  sesquioxide  of  chromium^  with 
escape  of  sulphuretted  hydrogen.  If  any  of  these  precipitates  be 
fused  with  nitre^  it  yields  a  yellow  soluble  chromate  of  potash. 

3.  The  Chromates. — Before  the  bloivpipe  they  colour  borax  and 
microcosmic  salt  green.  When  boiled  with  dilute  sulphuric  acid_,  to 
which  a  little  alcohol  or  sugar  has  been  added^  they  are  decomposed, 
and  the  chromic  acid  is  reduced  to  the  green  oxide  of  chrome,  which 
is  dissolved  by  the  sulphuric  acid,  and  is  precipitated  with  its  cha- 
racteristic colour  on  neutralizing  with  ammonia.  Most  of  the 
chromates  are  strongly  coloured.  Their  solutions  give  a  yellow 
precipitate  with  salts  of  lead,  a  red  with  nitrate  of  silver,  and  an 
orange  with  subnitrate  of  mercury. 

{661)  Estimation  of  Chromium,  and  separation  from  the  Alka- 
lies and  Alkaline  Earths. — Chromium  may  be  most  accurately 
estimated  in  the  form  of  sesquioxide.     It  may  be  easily  reduced 
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to  this  condition  even  if  it  exist  in  solution  in  the  form  of  a  chro- 
mate,  by  acidulating  with  hydrochloric  acid^  and  transmitting  a 
current  of  sulphuretted  hydrogen :  the  liquid  must  then  be  boiled, 
and  on  the  addition  of  ammonia  to  the  hot  solution  the  oxide  of 
chromium  is  precipitated.  It  is  to  be  well  washed  and  ignited 
in  a  covered  platinum  crucible;  loo  parts  of  the  anhydrous  oxide 
contain  68*68  of  chromium. 

The  Separation  of  Chromium  from  the  Earths,  and  from  Zinc, 
Cadmium,  Cobalt,  Nickel,  and  Iron  may  be  effected  by  fusing 
the  mineral,  or  the  precipitate  obtained  by  ammonia  from  its  solu- 
tion in  an  acid,  with  a  mixture  of  carbonate  of  potash  and  nitre, 
the  chromium  is  thus  converted  into  chromic  acid,  and  forms  a 
soluble  compound,  from  which  the  chromium  may  be  precipitated 
as  directed  in  the  foregoing  paragraph,  whilst  the  earths  and  the 
other  metals  remain  in  the  insoluble  portion,  either  in  the  form  of 
oxides  or  of  carbonates. 

§  VIII.  Manganese. 

Symbol,  Mn  ;  Equivalent,  'X']'^!  )  Specific  Gravity,  8*013. 

(662)  The  ores  of  this  metal  are  tolerably  abundant,  and  it  enters 
into  the  composition  in  greater  or  less  quantity  of  a  vast  number 
of  minerals,  so  that  it  is  widely  diffused  throughout  the  mineral 
kingdom.  The  most  important  and  valuable  ore  of  manganese 
is  the  black  oxide,  which  occurs  either  massive  or  in  radiated 
crystals. 

Manganese  is  reduced  to  the  metallic  state  with  difficulty.  The 
best  method  consists  in  mixing  the  carbonate  into  a  paste  with  oil 
and  sugar,  and  igniting  it  intensely  for  a  couple  of  hours  in  a 
crucible  lined  with  charcoal,  furnished  with  a  cover  luted  on,  and 
exposed  to  the  heat  of  a  forge.  It  may  thus  be  obtained  in  a 
metallic  globule  which  contains  a  variable  quantity  of  carbon  ; 
the  carbon  may  be  removed  by  fusing  the  metal  a  second  time  in 
a  porcelain  crucible  with  a  little  carbonate  of  manganese. 

Manganese  is  of  a  greyish  white  colour,  and  is  brittle,  but  hard 
enough  to  scratch  steel;  it  is  very  feebly  magnetic.  By  exposure 
to  the  air,  it  speedily  becomes  oxidated,  and  should  be  preserved 
either  in  sealed  tubes  or  under  naphtha. 

Manganese  enters  into  combination  both  with  carbon  and 
sdicon  when  fused  with  them  :  the  carbide,  when  treated  with  acids, 
leaves  part  of  the  carbon  as  a  black  powder :  the  compound  of 
manganese  with  silicon  is  decomposed  with  difficulty  even  by  aqua 
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regia,  in  which  case  it  leaves  a  residue  of  silicic  acid.  The  chief 
uses  of  the  compounds  of  manganese  are  chemical^  the  peroxide 
being  extensively  employed  to  decompose  muriatic  acid  and  furnish 
chlorine.  It  likewise  supplies  the  chemist  with  his  cheapest  source 
of  oxygen^  and  is  employed  as  a  colouring  material  in  the  manufac- 
ture of  glass  and  enamels.  It  combines  with  iron^  and  increases 
its  hardness  and  elasticity,  and  is  hence  useful  in  the  manufacture 
of  steel. 

(66^)  Compounds  of  Manganese  with  Oxygen. — Manganese 
forms  several  compounds  with  oxygen.  The  protoxide,  MnO,  is  a 
powerful  base  ;  the  sesquioxide,  MuaOg,  is  feebly  basic  ;  the  red 
oxide,  a  compound  of  these  two,  MnO,  MugOg,  is  quite  indifferent 
to  the  action  of  acids;  so  also  is  the  deutoxide  or  black  oxide, 
MnOg :  but  the  two  higher  oxides  have  well  marked  acid  charac- 
ters. The  formula  for  manganic  acid  is  MnOg,  and  that  for  per- 
manganic acid  Mn207.  Neither  of  these  acids,  however,  can  be 
obtained  except  in  combination  with  water  or  a  metallic  oxide. 

The  protoxide,  (MnO,  Eq.  35*5),  may  be  obtained  easily  by 
igniting  carbonate  of  manganese  in  a  current  of  hydrogen ;  it  is  of 
an  olive-green  colour,  and  unless  it  has  been  strongly  heated, 
absorbs  oxygen  from  the  air ;  if  ignited  in  the  air  it  burns,  and  is 
converted  into  a  brown  superior  oxide.  It  may  be  obtained  as  a 
white  hydrate  by  decomposing  a  salt  of  manganese  by  any  alkali, 
but  it  immediately  begins  to  absorb  oxygen  from  the  air,  and  turns 
brown.  It  is  soluble  in  ammonia,  especially  if  the  solution  contain 
an  ammoniacal  salt.  The  protoxide  unites  with  acids,  forming 
well-characterized  salts. 

Sesquioxide,  (MuaOg),  Eq.  79,  Sp.  Gr.  4-82. — This  oxide  is 
found  in  its  anhydrous  form  in  acute  octohedra,  constituting 
braunite ;  it  occurs  naturally  in  a  hydrated  state  in  manganite,  which 
is  of  a  blackish  brown  colour,  and  forms  brilliant  prismatic  crys- 
tals, (MuaOg,  aq).  The  sesquioxide  of  manganese  may  be  obtained 
as  a  brown  hydrate,  by  passing  chlorine  through  the  carbonate  of 
the  protoxide  suspended  in  water,  and  afterwards  removing  the 
excess  of  the  carbonate  by  dilute  nitric  acid.  Sulphuric  acid  dis- 
solves it  slowly,  and  forms  a  deep  red  solution  with  it,  and  hydro- 
chloric acid  in  the  cold  also  forms  a  soluble  compound  with  it ;  if 
these  solutions  be  heated  they  are  decomposed,  and  a  salt  of  the 
protoxide  is  formed.  When  ignited,  the  sesquioxide  loses  one-eighth 
of  its  oxygen,  and  leaves  the  red  oxide. 

Binoxide  or  peroxide,  (MnOg),  Eq.  43*5,  Sp.  Gr.  4-94. — This 
oxide  is  the  black  manganese  of  commerce  and  the  pyrolusite  of 
mineralogists.  It  is  found  in  steel-grey  rhombic  prisms.  Psilomelane 
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is  a  black  stalactitic  or  amorphous  variety  frequently  mixed  with  one 
of  the  lower  oxides  of  the  metal.  JVad  is  also  a  hydrated  peroxide 
of  manganese,  with  a  variable  amount  of  water ;  it  is  in  a 
less  compact  form  than  psilomelane,  and  is  of  a  brown  colour. 
Small  quantities  of  cobalt  and  of  the  carbonates  of  the  earths  are 
frequent  constituents  of  these  ores.  Binoxide  of  manganese  is  a 
good  conductor  of  electricity,  and  is  strongly  electro-negative  in  the 
voltaic  circuit.  When  ignited  it  gives  off  one-third  of  its  oxygen, 
and  the  red  oxide  is  left ;  3  Mn02=  (MnO,  MngOg)  +  O2  *  i^  heated 
with  concentrated  sulphuric  acid,  half  its  oxygen  escapes,  and  a  pro- 
tosulphate  is  formed;  MnO^+HO,  SOg^MnO,  SO3  +  HO+O. 
With  hydrochloric  acid  chlorine  is  abundantly  evolved,  and  a 
protochloride  of  manganese  is  left.  Nitric  acid  has  but  little  effect 
upon  it.  Peroxide  of  manganese  is  procured  in  a  hydrated  form  as 
a  reddish  brown  powder,  when  manganate  or  permanganate  of 
potash  is  decomposed  by  an  acid.  When  the  red  oxide  is  treated  with 
nitric  acid,  a  hydrate  of  the  peroxide  is  left,  containing  4Mn02  +  aq. 

(664)  Commercial  Assay  of  Oxide  of  Manganese. — The  com- 
mercial value  of  black  oxide  of  manganese  depends  upon  the 
proportion  of  chlorine  which  a  given  weight  will  liberate  when  it 
is  heated  with  hydrochloric  acid.  This  quantity  of  chlorine  varies 
much  in  different  samples,  and  is  dependent  upon  the  proportion  of 
oxygen  which  the  oxide  of  manganese  contains  in  excess  of  that 
which  is  necessary  to  its  existence  as  protoxide.  A  convenient 
method  of  estimating  this  excess  of  oxygen  is  founded  upon  the 
circumstance  that  the  black  oxide  of  manganese  is  decomposed  in 
the  presence  of  oxalic  acid  and  free  sulphuric  acid  ;  protosulphate 
of  manganese  is  formed,  and  all  the  excess  of  oxygen  reacts  upon 
the  oxalic  acid  and  converts  it  into  carbonic  acid,  which  passes  off 
with  effervescence.  If  the  mixture  be  weighed  before  the  decom- 
position is  effected,  and  again  after  it  has  been  completed,  the  loss 
will  indicate  the  amount  of  carbonic  acid ;  and  from  this  the 
available  amount  of  oxygen  is  readily  calculated.  The  reaction 
may  be  traced  thus  :  MnO^  +  SO3  +  C^Og  yields  MnO,  SO3  +  2,  CO2. 
Each  equivalent  of  peroxide  of  manganese  gives  2,  equivalents,  or 
exactly  its  own  weight  of  carbonic  acid. 

The  apparatus  of  Will  and  Fresenius,  fig.  29 t,  p.  740,  is  well 
adapted  to  the  performance  of  this  experiment :  100  grains  of  the 
manganese  to  be  tested  is  reduced  to  an  extremely  fine  powder, 
and  mixed  with  150  grains  of  oxalic  acid ;  the  mixture  is  placed  in 
the  flask,  a,  and  about  i  i  ounce  of  water  is  added  ;  the  experiment 
is  then  proceeded  with  exactly  as  in  the  method  already  described  for 
estimating  carbonic  acid  in  a  carbonate  (481).    The  decomposition 
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of  the  ore  is  known  to  be  complete  as  soon  as  all  the  black  par- 
ticles have  disappeared. 

If  the  sample  of  manganese  contain  a  carbonate  of  any  of  the 
earths_,  as  may  readily  be  ascertained  by  the  eftervescence  which 
will  be  occasioned  on  moistening  a  portion  of  the  oxide  with  dilute 
nitric  acid,  it  will  be  necessary  to  remove  this  carbonate.  This  is 
easily  done  by  washing  the  weighed  portion  with  nitric  acid  diluted 
with  from  1 6  to  20  parts  of  water  in  the  flask  itself ;  as  soon  as 
the  eflervescence  has  ceased,  the  acid  liquid  must  be  carefully 
poured  off,  and  the  flask  filled  up  once  or  twice  with  distilled 
water ;  the  oxide  must  be  allowed  to  subside ;  in  order  to  retain 
any  suspended  particles,  the  washings  may  be  thrown  upon  a  small 
filter,  which  is  afterwards  introduced  into  the  flask,  and  the  expe- 
riment is  then  proceeded  with  as  usual. 

The  Red  Oxide,  (MnO,  MugOg,  Eq.  11 4*5),  corresponds  to  the 
black  oxide  of  iron;  it  is  formed  by  igniting  any  of  the  oxides  of 
manganese  in  the  open  air  :  it  occurs  native  in  hausmannite, 
either  massive  or  in  four-sided  pyramidal  crystals  of  a  black 
colour.    The  oxide  is  soluble  in  phosphoric  and  in  sulphuric  acid. 

{66^  Manganic  Acid,  (MnOg),  Eq.  51*5. — When  equal  weights 
of  caustic  potash  and  peroxide  of  manganese  are  fused  together,  a 
substance  is  formed  which,  when  dissolved  in  a  small  quantity  of 
water,  has  a  green  colour,  but  which,  when  largely  diluted,  becomes 
purple,  and  ultimately  claret-coloured.  This  substance  has  been 
long  known,  owing  to  these  changes  of  colour,  under  the  name  of 
mineral  chameleon.  The  colouring  material  is  manganic  acid, 
which,  when  in  combination  with  potash,  has  a  green  colour  ;  it  is 
an  unstable  compound,  and  readily  either  parts  with  oxygen,  or 
absorbs  a  larger  amount  of  it,  in  the  latter  case  forming  a  red 
compound ;  and  hence  these  changes  of  colour  are  produced. 

Manganic  acid  has  never  been  obtained  except  in  combination 
with  some  powerful  base.  It  may  be  procured  by  heating  finely 
powdered  peroxide  of  manganese  with  its  own  weight  of  hydrate  of 
potash,  of  soda,  or  baryta  ;  if  the  green  mass  thus  obtained  be  heated 
with  a  small  quantity  of  cold  water,  it  is  partially  dissolved,  forming 
a  green  solution,  from  which  the  manganate  of  the  base  may  be 
obtained  in  crystals  by  evaporating  it  in  vacuo  over  sulphuric  acid. 
These  crystals  are  isomorphous  with  the  corresponding  sulphates 
and  chromates.  Manganate  of  potash,  (KO,  MnOg),  is  anhydrous, 
and  readily  soluble  in  water.  It  has  a  very  intense  colouring 
power ;  this  fact  enables  manganese  in  very  minute  quantity  to  be 
detected  before  the  blowpipe ;  the  material  supposed  to  contain  it 
is  fused  upon   platinum  foil  with  a  little   carbonate  of  potash  or 
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of  soda ;  if  any  trace  of  manganese  be  present,  a  green  colour  is 
imparted  to  tlie  fused  mass.  The  mp.nganates  are  very  unstable; 
they  are  decomposed  by  boiling  their  solutions. 

In  the  solid  form  they  are  readily  decomposed  by  elevation  of 
temperature,  and  oxygen  is  evolved ;  an  excess  of  potash  renders  the 
salt  more  stable  :  organic  matter  also  readily  abstracts  oxygen  from 
them.  Their  solutions  must  not  even  be  filtered  through  paper. 
Sulphurous  and  phosphorous  acids  readily  reduce  the  manganates 
to  a  salt  of  protoxide  of  manganese ;  sulphurous  acid  and  manga- 
nate  of  potash,  for  example,  produce  the  following  result : — 

KO,  Mn03  +  2  S02=MnO,  SO3  +  KO,  SO3. 

{666)  Permanganic  Acid,  (Mn207),  Eq.  iii. — If  a  solution  of 
manganate  of  potash  be  largely  diluted  with  water,  the  colour 
changes  from  green  to  violet ;  the  manganic  acid  passes  to  a  higher 
state  of  oxidation,  and  permanganate  of  potash  is  formed. 

This  salt  is  best  prepared  by  mixing  intimately  4  parts  of  finely 
powdered  peroxide  of  manganese  with  3^  parts  of  chlorate  of 
potash  ;  5  parts  of  hydrate  of  potash  are  dissolved  in  a  small 
quantity  of  water,  and  added  to  the  mixture,  which  is  dried  and 
reduced  to  powder,  and  then  heated  to  dull  redness  for  an  hour  in 
an  earthen  crucible.  When  cold,  the  mass  is  treated  with  a  large 
quantity  of  water  ;  the  solution  on  evaporation  yields  beautiful  red 
acicular  crystals  of  permanganate  of  potash,  (KO,  Mn207).  These 
crystals  are  isomorphous  with  those  of  perchlorate  of  potash ;  they 
require  about  16  parts  of  cold  water  for  solution.  Permanganate 
of  potash  is  in  certain  cases  a  useful  oxidizing  agent  :  it  may  be 
employed  to  detect  the  occurrence  of  sulphurous  acid  in  solution 
in  sulphuric  or  hydrochloric  acid ;  sulphurous  acid  quickly  deoxi- 
dizes it  and  destroys  its  colour  if  present. 

The  permanganates  are  much  more  stable  than  the  manganates; 
their  solutions  may  be  boiled  without  undergoing  decomposition. 
Organic  matter,  however,  combines  -with  part  of  the  oxygen  con- 
tained in  the  acid,  and  reduces  it  first  to  manganic  acid  and  then 
to  the  binoxide  of  the  metal,  which  is  precipitated  as  a  hydrate  in 
flocculi:  their  solutions,  therefore,  must  not  be  filtered  through  paper, 
but  through  a  funnel  loosely  plugged  with  asbestos.  When  ignited, 
oxygen  is  given  out,  and  a  manganate  is  reproduced,  which,  if  the 
heat  be  too  great,  is  in  turn  decomposed  with  a  further  extrication 
of  oxygen.  Most  of  the  permanganates  are  freely  soluble  in  water  ; 
the  permanganate  of  silver  is  the  least  soluble  of  these  salts.  If 
concentrated  solutions  of  permanganate  of  potash  and  of  nitrate  of 
silver  be  mixed  together,  a  red  crystalline  permanganate  of  silver 
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separates.  It  may  be  employed  for  the  preparation  of  the  other  per- 
manganates ;  if  it  be  levigated  with  water^  and  mixed  with  a  solution 
of  the  chloride  of  the  metal,  of  which  the  permanganate  is  required, 
double  decomposition  occurs,  and  chloride  of  silver  is  formed,  whilst 
the  desired  permanganate  is  obtained  in  solution.  In  this  way  the 
permanganate  of  baryta  may  be  procured,  and  from  it  the  per- 
manganic acid  may  be  obtained  in  solution,  by  the  cautious  addition 
of  dilute  sulphuric  acid,  as  long  as  any  precipitate  is  produced.  On 
evaporation  it  may  be  obtained  as  a  brown  partially  crystalline 
mass,  which  is  very  soluble  in  water ;  its  solution  is  decomposed  by 
mere  elevation  of  the  temperature ;  a  little  beyond  ioo°  F.  hydrated 
peroxide  of  manganese  is  deposited,  and  oxygen  gas  escapes. 

(667)  Protosulphide  of  Manganese  is  obtained  as  a  yellowish 
red  hydrate,  by  precipitating  a  salt  of  the  protoxide  by  hydrosul- 
phate  of  ammonia.  It  speedily  becomes  oxidized  by  exposure  to  the 
air.  A  native  sulphide  of  manganese  is  occasionally  met  with  of  a 
brownish  black  or  steel-grey  colour  and  feeble  metallic  lustre.  The 
other  sulphides  of  manganese  have  not  been  accurately  examined. 

(668)  Chlorides  of  Manganese. — Three  chlorides  of  this  metal 
may  be  obtained :  a  protochloride,  a  sesquichloride,  and  a  per- 
chloride  (MuaCly)  :  but  there  is  some  doubt  as  to  the  composition 
of  the  latter  compound. 

Protochloride  of  Manganese^  (MnCl4-4aq);  Eq.  60,  + 2)^. — 
This  substance  is  obtained  abundantly  as  a  waste  product  in  the 
preparation  of  chlorine  by  acting  on  the  black  oxide  of  the  metal : 
the  chlorine  escapes,  and  the  chloride  of  manganese  is  dissolved.  If 
this  solution  be  evaporated  to  dryness,  re- dissolved  in  water,  and 
subjected  to  a  current  of  sulphuretted  hydrogen  to  reduce  the 
iron  to  the  state  of  protoxide,  the  manganese  may  be  obtained 
free  from  iron,  nickel,  and  cobalt  by  suspending  freshly  precipi- 
tated sulphide  of  manganese  in  water,  and  adding  it  to  the  liquid 
as  long  as  the  fresh  portions  of  sulphide  become  blackened ;  the 
manganese  displaces  the  other  metals  from  their  solution,  and 
they  are  precipitated  as  black  hydrated  sulphides  :  for  example, 
reCl  +  HO,MnS=MnCl-}-HO,  FeS. 

On  evaporation  the  chloride  of  manganese  crystallizes  in  a 
tabular  form  with  4  equivalents  of  water.  It  is  of  a  delicate  pink 
colour  and  slightly  deliquescent ;  by  heat  an  anhydrous  chloride 
may  be  obtained,  which  is  soluble  in  alcohol,  and  crystallizes  with 
two  equivalents  of  alcohol. 

A  sesquichloride  may  be  obtained  in  solution  by  acting  on  the 
sesquioxide  of  manganese  with  cold  hydrochloric  acid :  it  is  of  a 
dark  brown  colour  :  it  must  be  concentrated  by  evaporation  in  vacuo. 
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The  Perchloride  MngCly?,  (Dumas,)  is  obtained  as  a  greenish- 
yellow  gas,  which  condenses  at  o°  F.  to  a  greenish-brown  liquid, 
by  dissolving  permanganate  of  potash  in  oil  of  vitriol  and  adding 
fused  chloride  of  sodium  in  small  portions  at  a  time.  The  fumes 
in  a  moist  air  assume  a  purple  colour  from  the  formation  of  per- 
manganic acid :  water  decomposes  it  instantly,  forming  a  red 
solution  of  permanganic  and  hydrochloric  acids.  It  is  probable 
that  this  compound  is  an  okychloride  of  the  metal,  somewhat 
analogous  to  chlorochromic  acid  (657). 

Fluorides  of  manganese,  corresponding  to  each  of  these  chlo- 
rides, have  been  formed. 

(669)  Sulphate  of  Manganese  (MnO,  SO3,  5  aq,  Eq.  75*5  +  45), 
is  obtained  by  dissolving  the  binoxide  in  sulphuric  acid ;  it  crys- 
tallizes below  42°  with  7  equivalents  of  water ;  between  45°  and 
68°  with  5  equivalents ;  between  68"  and  86°  with  4  equivalents  of 
water  (Brandes).  It  forms  a  double  salt  with  sulphate  of  potash 
(MnO,  SOg  +  KO,  SO3  +  6  aq),  which  is  isomorphous  with  the 
corresponding  double  sulphate  of  magnesia.  The  sesquisulphate 
of  manganese  forms  a  double  salt  with  sulphate  of  potash,  which 
crystallizes  in  octohedra  (KO,  S03  +  Mn203,  3  SO3  +  24  aq),  and 
corresponds  in  form  and  composition  with  common  alum. 

Carbonate  of  Manganese  (MnO,  CO2) ;  Eq.  57*5. — The  anhy- 
drous carbonate  forms  the  native  manganese  spar,  and  frequently 
accompanies  spathic  iron  :  the  artificial  carbonate  may  be  ob- 
tained as  a  white  hydrate  2  (MnO,  COg)  +  HO,  on  precipitating  the 
chloride  by  an  alkaline  carbonate :  it  becomes  brownish  by  drying. 

(670)  Characters  of  the  Salts  of  Manganese. — The  salts  of 
this  metal  are  of  a  delicate  rose  colour ;  they  have  an  astringent 
taste.  With  potash  and  soda  they  yield  a  white  precipitate  of 
hydrated  protoxide,  which  rapidly  absorbs  oxygen,  and  becomes 
brown  by  exposure  to  the  air.  Ammonia  gives  a  similar  precipi- 
tate, which  is  soluble  in  excess  of  the  ammoniacal  liquid,  especially 
when  it  contains  chloride  of  ammonium;  the  solution  quickly 
absorbs  oxygen,  and  deposits  a  brown  hydrated  peroxide  of  man- 
ganese. The  alkaline  carbonates  give  a  white  precipitate  of  car- 
bonate of  manganese,  soluble  in  chloride  of  ammonium.  With 
hydrosulphate  of  ammonia  a  characteristic  flesh-coloured  hydrated 
sulphide  of  manganese  is  formed,  which  becomes  brown  by  expo- 
sure to  the  air.  Sulphuretted  hydrogen  gives  no  precipitate  in 
the  solutions  of  manganese.  Ferrocyanide  of  potassium  gives  a 
white  precipitate;  in  neutral  solutions  ferridcyanide  of  potassium 
produces   a  brown  precipitate.     Mr.  Crum    has  pointed  out  an 
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extremely  delicate  test  of  the  presence  of  manganese  in  the  re- 
action which  occurs  if  a  compound  of  manganese  be  mixed  with 
dilute  nitric  acid,  and  a  little  peroxide  of  lead  be  added :  on 
boiling  the  mixture,  the  red  colour  of  permanganic  acid  is  pro- 
duced by  a  trace  of  manganese  which  is  too  small  to  be  otherwise 
recognised.  Before  the  blowpipe,  when  fused  on  platinum  wire  or 
foil,  with  a  little  carbonate  of  soda,  the  compounds  of  manganese 
give  a  very  characteristic  bluish-green  opaque  bead  :  a  bead  of 
borax  becomes  violet  in  the  oxidizing  flame,  if  manganese  be 
present;  the  colour  disappears  in  the  reducing  flame. 

(671)  Estimation  of  Manganese,  and  Separation  from  the 
Alkalies.  —  Manganese  is  generally  estimated  in  analysis  in  the 
form  of  the  red  oxide  of  manganese,  which  contains  72*7  per  cent, 
of  the  metal.  For  this  purpose  it  is  precipitated  from  a  boiling 
solution  of  its  salts  by  carbonate  of  potash  or  soda,  and  the  pre- 
cipitated carbonate  is  well  washed  and  then  heated  to  redness,  by 
which  carbonic  acid  is  expelled,  and  the  red  oxide  is  produced  by 
absorption  of  oxygen  from  the  air. 

Separation  of  Manganese  from  the  Alkaline  Earths. — The  solu- 
tion must  be  rendered  nearly  neutral,  and  hydrosulphate  of  ammonia 
must  be  added,  which  precipitates  the  manganese  as  sulphide :  the 
sulphide  must  then  be  re-dissolved  in  hydrochloric  acid,  precipitated 
by  carbonate  of  potash,  and  the  manganese  is  estimated,  after  igni- 
tion, as  red  oxide.  It  is  however  apt  thus  to  retain  some  portions 
of  the  earths.  The  oxide  must  therefore  be  again  re-dissolved  in 
hydrochloric  acid ;  chloride  of  ammonium  must  be  added,  and  then 
a  mixture  of  ammonia  and  carbonate  of  ammonia  in  excess ;  the 
manganese  will  be  held  in  solution  -,  but  if  lime,  baryta,  or  strontia 
be  present,  it  will  remain  undissolved  in  the  form  of  carbonate,  which 
must  be  collected  on  a  filter,  weighed,  and  deducted  from  the  result. 

Separation  from  Zinc  and  Cadmium. — The  solution  is  mixed  with 
acetate  of  potash  and  free  acetic  acid,  then  sulphuretted  hydrogen  is 
transmitted ;  the  zinc  and  cadmium  precipitate  as  sulphides,  and 
the  manganese  remains  in  solution.  If  zinc  be  absent,  the  addi- 
tion of  acetic  acid  and  the  acetate  is  unnecessary. 

The  separation  of  manganese  from  cobalt  and  nickel  is  attended 
with  considerable  difficulty.  Ebelmen  recommends  that  the 
mixed  oxides,  after  they  have  been  reduced  by  ignition,  be  heated 
to  dull  redness  in  a  current  of  sulphuretted  hydrogen,  the  current  of 
gas  being  continued  as  long  as  any  water  is  formed,  and  until  the 
mixture  has  been  allowed  to  cool  completely;  the  metals  are  thus 
converted  into  sulphides.     Dilute  hydrochloric   acid  in   the  cold 


SOURCES    OF    TIN.  925 

dissolves  the  sulphide  of  manganese,  but  leaves  the  sulphides  of 
cobalt  and  nickel  unacted  upon. 

Separation  from  Iron,  Chromiumy  Uranium^  Alumina^  and 
Glucina. — This  is  readily  effected  by  converting  the  iron  into  a 
persalt,  and  after  largely  diluting  the  solution  with  water,  digesting 
it  upon  finely  levigated  carbonate  of  baryta.  Manganese  alone 
remains  in  the  liquid,  the  other  oxides  being  displaced  by  baryta. 
The  excess  of  baryta  is  removed  by  sulphuric  acid,  and  the  man- 
ganese precipitated  by  carbonate  of  soda. 


CHAPTER  XV. 

GROUP    V. CERTAIN    METALS    WHICH    FORM    ACIDS    WITH    OXYGEN. 

§  I.  Tin. 

Symbol,  Sn;  Equivalent^  58*82;  Specific  Gravity,  7*292. 

(672)  This  beautiful  metal  is  one  of  those  which  have 
been  longest  known  to  man,  as  it  is  mentioned  in  the  Books  of 
Moses.  Tin,  however,  is  met  with  in  but  few  localities.  Its  only 
ore  of  importance  is  the  deutoxide,  or  tin-stone,  which  occurs  crys- 
tallized in  prisms,  isomorphous  with  those  of  titanic  acid.  It  is 
usually  found  in  veins,  running  through  primitive  rocks  of  por- 
phyry, granite,  or  clay-slate,  and  is  generally  mingled  with  the  sul- 
phides and  arsenides  of  copper  and  iron,  and  frequently  also  with 
wolfram.  The  most  celebrated  tin  mines  are  those  of  Cornwall, 
which  were  worked  previous  to  the  Roman  invasion ;  they  furnish 
annually  upwards  of  3000  tons  of  the  metal.  The  mines  of 
Malacca  also  yield  a  very  pure  tin  :  the  metal  is  likewise  obtained 
to  a  smaller  extent  from  Mexico.  The  tin  veins  in  Cornwall  are 
frequently  associated  with  those  of  copper,  and  they  run  almost 
invariably  east  and  west.  The  tin  ore  is  often  met  with  in  alluvial 
soils,  whither  it  has  been  carried  from  its  original  position  by  the 
action  of  water.  In  this  case  the  ore  occurs  in  detached,  rounded 
masses,  and  is  very  pure,  constituting  what  is  termed  stream  tin. 
The  position  of  the  veins  is  frequently  traced  by  following  the 
stream  towards  its  source,  up  to  the  point  where  the  ore  ceases  to 
be  found ;  a  careful  examination  of  the  vicinity  generally  leads  to 
the  discovery  of  the  vein. 

(673)  Extraction  of  Metallic  Tin.  —  In   order  to   extract  the 
metal  from  the   ore,   it  is   sul)jected   to  a   series  of  operations, 

3  o 
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some  of  whicli  are  of  a  meclianical,  and  others  of  a  chemical 
character.      They  may  be  classified  thus  : — 

I.  Stamping  and  washing  to  remove  the  earthy  and  lighter 
portions. 

1.  Boasting,  to  decompose  the  pyrites  and  get  rid  of  the  arsenic 
and  sulphur. 

3.  Washing,  to  dissolve  out  sulphate  of  copper  and  carry  off 
the  oxide  of  iron. 

4.  Reduction,  by  which  the  tin  is  separated  from  the  oxygen 
and  the  gangue  or  earthy  matter. 

5.  Refining,  or  liquation,  and  boiling  with  green  wood. 

1.  The  purer  portions  of  the  ore  are  first  picked  out  by  hand;  the 
residue^  consisting  chiefly  of  tin-stone^  with  the  earthy  impurities  of 
the  matrix_,  mixed  with  arsenical  copper  and  iron  pyrites,  passes  to 
the  stamping  mill,  where  it  is  reduced  to  a  coarse  powder.  This 
powder  is  then  huddled  and  washed  to  remove  the  lighter  impurities. 

2.  The  heavier  portion,  however,  still  retains  a  considerable 
quantity  of  arsenical  iron  and  copper  pyrites.  The  next  operation 
is  intended  to  get  rid  of  these  substances;  with  this  view  the 
washed  ore  is  roasted  in  a  reverberatory  furnace  until  the  arsenic 
and  a  good  deal  of  the  sulphur  are  expelled,  and  the  ore  becomes 
converted  into  yellowish-brown  powder;  this  process  usually  lasts 
about  twelve  hours.  During  this  roasting,  frequeitt  stirring  is 
necessary  in  order  to  expose  fresh  surfaces  freely  to  the  air.  By 
this  means  the  iron  pyrites  is  decomposed,  and  is  converted 
into  sulphurous  acid  and  peroxide  of  iron ;  the  arsenic  is  expelled 
as  arsenious  acid,  and  the  greater  part  of  the  sulphide  of  copper  is 
converted  into  sulphate  of  copper ;  this  conversion  is  completed  by 
exposing  the  mass  in  a  moistened  state  to  the  air  for  some  days. 

3.  The  sulphate  of  copper  is  then  dissolved  out  by  lixiviation ; 
after  which  the  principal  part  of  the  peroxide  of  iron,  as  it  is  much 
lighter  than  the  oxide  of  tin,  is  got  rid  of  by  washing. 

4.  The  washed  ore  is  now  ready  for  reduction. — In  order  to 
attain  this  object  it  is  mixed  with  from  one-fifth  to  one-eighth  of 
its  weight  of  powdered  anthracite  or  of  charcoal,  and  with  a  small 
proportion  of  lime  to  facilitate  the  fusion  of  the  siliceous  gangue, 
which  still  remains  mingled  with  the  ore.  The  mixture  having 
been  rendered  damp,  for  the  purpose  of  preventing  the  finer  particles 
from  being  carried  away  by  the  current  of  air,  is  introduced 
into  the  reducing  furnace.  This  is  a  reverberatory  furnace  with 
a  low  arch  or  crown.  The  charge  having  been  placed  upon  the 
hearth,  the  doors  are  closed  up  and  the  heat  is  gradually  raised  for 
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five  or  six  hours ;  the  oxide  of  tin  is  thus  reduced  by  the  carbon, 
before  the  temperature  rises  high  enough  to  cause  the  oxide  to 
fuse  with  the  silica,  with  which  it  would  form  an  enamel  difficult 
of  reduction.  Towards  the  end  of  the  operation  the  heat  is  raised 
until  it  becomes  very  intense,  the  slags  are  thus  rendered  fluid, 
and  the  reduced  metal  subsides  to  the  bottom  and  is  allowed  to 
run  off  into  cast-iron  pans,  from  which  it  is  ladled,  off  into 
moulds ;  but  the  ingots  thus  obtained  are  by  no  means  pure. 

5.  They  are  therefore  next  submitted  to  a  process  of  liquation , 
which  consists  in  heating  the  ingots  to  incipient  fusion,  upon  the 
bed  of  a  rcverberatory  furnace  :  the  purer  tin  being  the  more  fusible 
portion,  gradually  melts  out  and  leaves  an  alloy  which  has  a  higher 
melting  point.  This  less  fusible  portion  when  remelted  forms  the 
inferior  variety  called  block  tin.  The  tin  which  has  run  out  of  the 
ingots  is  drawn  off  into  a  second  pan  in  which  the  metal  is  gently 
heated,  being  kept  in  a  state  of  fusion  by  a  fire  underneath ; 
here  it  is  agitated  briskly  by  thrusting  into  the  mass  stakes  soaked 
in  water;  the  steam  thus  produced,  as  it  bubbles  up  through  the 
molten  metal,  carries  the  dust,  slag,  and  other  mechanical  impurities 
to  the  surface  After  this  treatment  has  been  continued  for 
about  three  hours,  the  metal  is  allowed  to  remain  undisturbed 
for  a  couple  of  hours;  it  is  then  skimmed,  ladled  out  and  cast 
into  ingots  for  the  market.  The  portion  contained  in  the  upper 
half  of  the  pan  is  the  purest,  as  owing  to  the  low  density  of 
tin,  and  its  tendency  to  separate  from  its  alloys,  it  rises  to  the 
surface.  The  finest  quality  of  the  metal  is  frequently  heated  a 
second  time  to  a  temperature  a  little  short  of  its  melting  point ; 
at  this  high  temperature  it  becomes  brittle,  and,  if  allowed  to 
fall  from  a  height,  it  breaks  into  irregular  prismatic  fragments, 
which  are  known  as  dropped  or  grain  tin.  The  splitting  of  the 
mass  into  these  fragments  is  a  rude  guarantee  of  the  pm'ity  of  the 
metal,  since  impure  tin  does  not  become  brittle  in  this  manner. 

On  the  continent  the  stream  tin  is  frequently  reduced  in  small 
blast  furnaces  termed  by  the  French  fourneaux  a  manche ;  the  fuel 
used  in  this  ease  is  charcoal.  The  tin  w^hich  is  imported  from 
Banca  is  almost  chemically  pure.  English  tin  usually  contains 
small  quantities  of  arsenic,  of  copper,  of  iron,  and  of  lead. 

When  required  in  a  state  of  perfect  purity,  the  metal  may  be 
obtained  by  means  of  voltaic  action.  For  this  purpose  a  con- 
centrated solution  of  crude  tin  in  hydrochloric  acid  is  placed  in  a 
beaker,  and  water  is  cautiously  poured  in  without  disturbing 
the  dense  solution  below.     If  a  bar  of  tin  be  plunged  into  the 
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liquid,  beautiful  prismatic  crystals  of  pure  tin  are  gradually 
deposited  on  the  bar  at  the  point  of  junction  between  the  metallic 
solution  and  the  water. 

(674)  Properties.  —  Tin  is  a  white  metal  with  a  tinge  of 
yellow,  and  has  a  high  metallic  lustre.  It  is  rather  soft,  and 
is  very  malleable,  but  is  deficient  in  tenacity.  At  a  tempera- 
ture of  about  212°  its  ductility  is  considerable,  and  it  may  then  be 
easily  drawn  into  wire.  In  a  laminated  state  it  is  well  known  as 
tinfoil.  If  a  bar  of  tin  be  bent,  it  emits  a  creaking  sound,  a  pro- 
perty which  it  possesses  in  common  with  cadmium  ;  if  bent  several 
times  in  succession  backwards  and  forwards,  it  becomes  sensibly 
hot  at  the  point  of  flexure.  These  effects  depend  upon  a  mecha- 
nical alteration  of  the  relative  position  of  its  molecules,  and  their 
mutual  friction.  Tin,  when  handled,  communicates  a  peculiar  odour 
to  the  fingers.  Tin  is  a  tolerably  good  conductor  both  of  heat  and 
electricity.  It  fuses  at  442°  F.,  but  it  is  not  sensibly  volatilized  in 
the  furnace.  It  may  be  obtained  in  crystals  by  slow  cooling.  Tin 
is  but  slowly  tarnished  by  exposure  to  the  air  and  moisture  at 
ordinary  temperatures,  but  if  exposed  to  the  air  at  a  high  tempera- 
ture it  becomes  rapidly  oxidized  and  burns  with  a  brilliant  white 
light.  Nitric  acid  acts  upon  it  violently,  and  produces  an  insoluble 
hydrated  binoxide  of  the  metal ;  at  the  same  time,  owing  to  the 
decomposition  of  water,  a  considerable  quantity  of  ammonia  is 
formed,  which  enters  into  combination  with  the  excess  of  acid. 
Strong  hydrochloric  acid  when  heated  upon  tin,  dissolves  it  gradu- 
ally with  extrication  of  hydrogen.  Dilute  sulphuric  acid  is  with- 
out action  on  the  metal ;  but  if  the  concentrated  acid  be  boiled 
upon  it,  the  tin  becomes  converted  into  sulphate,  while  sulphurous 
acid  escapes. 

Owing  to  its  brilliancy,  and  its  power  of  resisting  ordinary 
atmospheric  changes,  tin  is  largely  employed  as  a  coating  upon  other 
more  abundant,  but  more  oxidizable  metals,  to  protect  them  during 
use.  Iron  and  copper  are  especially  adapted  to  the  operation  of 
tinning.  In  India,  tin  is  applied  instead  of  silver  to  steel  and  iron 
articles  by  way  of  ornament ;  the  tin  is  melted,  and  while  still 
liquid  is  agitated  in  a  box  till  it  has  become  solid ;  the  fine  powder 
thus  procured  is  separated,  by  suspension  in  water,  from  the 
coarser  particles,  and  is  made  into  a  thin  paste  with  glue ;  it  is 
then  applied  in  the  desired  pattern;  when  perfectly  dry  it  is 
burnished  and  varnished ;  its  brilliancy  is  thus  preserved  unchanged. 

(675)  Tin  Plate. — The  ordinary  process  of  tinning  differs  from 
the  foregoing  one,  and  is  far  more  important  in  its   economical 
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results.  In  tin  plate  an  actual  alloy  of  the  two  metals  is  formed  upon 
the  surface  of  the  iron,  the  external  surface  being  pure  tin.  For  the 
manufacture  of  tin  plate,  the  best  charcoal  iron  is  required.  After 
the  iron  has  been  rolled  and  cut  into  sheets  of  suitable  thickness  and 
size,  its  surface  is  made  chemically  clean.  For  this  purpose  the 
sheets  are  immersed  for  four  or  five  minutes  in  a  mixture  of  sul- 
phuric acid  and  water  ;  after  which  they  are  raised  to  a  red 
heat  in  a  reverberatory  furnace ;  they  are  then  withdrawn,  allowed 
to  cool,  and  hammered  flat.  In  order  to  detach  from  them 
all  the  scales  of  oxide,  they  are  passed  between  polished  rollers, 
and  as  they  emerge  they  are  plunged  one  by  one  into  a  mix- 
tiu'e  of  bran  and  water  which  has  become  sour  by  exposure  to 
the  air;  here  they  remain  for  some  hours,  and  are  thence  trans- 
ferred to  a  vessel  containing  a  mixture  of  dilute  sulphuric  and 
hydrochloric  acids ;  lastly,  they  are  scoured  with  bran,  and  plunged 
into  pure  water  or  lime  water,  where,  if  the  surface  be  cleau 
on  immersion,  they  may  remain  for  any  length  of  time  without 
rusting :  these  preliminary  steps  are  necessary  in  order  to  secure  a 
clean  surface,  as  the  tin  will  not  adhere  to  an  oxidated  or  even  a 
dusty  plate.  More  recently,  the  plates  after  scouring  have  been 
cleaned  with  hydrochloric  acid  holding  zinc  in  solution,  and  then 
dipped  into  the  melted  tin  in  the  manner  about  to  be  described. 

In  order  to  tin  them  they  are  plunged  one  by  one  into  a  large 
vessel  of  melted  tallow  free  from  salt,  and  after  remaining  there 
for  an  hour  they  are  immersed  in  the  bath  of  melted  tin,  which  is 
preserved  from  oxidation  by  a  stratum  of  grease  three  or  four 
inches  thick.  Here  they  remain  for  about  an  hour  and  a  half,  they  are 
then  withdrawn  and  allowed  to  drain.  After  this  they  are 
plunged  into  a  second  bath  of  pure  tin,  and  the  superfluous  tin  is 
removed  by  again  heating  them  in  a  bath  of  tallow ;  the  tin  melts 
and  runs  down  to  the  lower  edge  of  the  plate;  when  cool,  this 
thickened  margin  is  finally  reduced  by  dipping  the  edge  of  the  plate 
once  more  into  melted  tin,  the  heat  of  which  quickly  fuses  the 
superfluous  metal,  which  is  then  detached  by  giving  the  plate  a 
sharp  blow.  Tin  plate  is  sometimes  made  to  exhibit  a  beautiful 
crystalline  appearance,  known  under  the  term  moiree  metalUque. 
A  mixture  of  2  parts  of  nitric  acid,  with  2  of  hydrochloric  acid,  is 
made  with  4  of  water  :  the  tin  plate  is  gently  heated  and  the 
liquid  spread  evenly  over  with  a  sponge;  the  crystals  gradually 
appear.  The  plate  is  then  plunged  into  water,  dried  quickly,  and 
varnished.    Difterent  coloured  varnishes  are  used  to  vary  the  effects. 

Tinning  of  copper  is  the  same  in  principle,  but  is   a   simpler 
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operation  than  the  tinning  of  iron :  tlie  surface  of  the  metal  is 
rendered  clean  by  rubbing  it  while  heated  with  sal  ammoniac  j  when 
quite  bright  the  copper  is  sprinkled  with  a  little  rosin  to  prevent 
oxidation,  and  melted  tin  is  then  poured  on,  and  spread  over  the 
surface  with  tow  by  the  workman,  who  keeps  the  article  constantly  at 
a  high  temperature  ;  the  superfluous  tin  is  wiped  off  with  the  tow. 
The  addition  to  the  tin  of  one-fourth  of  its  weight  of  lead  renders 
the  operation  more  easy,  as  the  alloy  is  more  perfectly  liquefied. 

(676)  The  alloys  of  tin  which  are  employed  in  the  arts  are 
numerous.  Britannia  Metal  is  one  which  is  a  good  deal  used  for 
making  teapots  and  spoons  of  a  low  price ;  it  consists  of  equal  parts 
of  brass,  tin,  antimony,  and  bismuth.  Pewter  is  another  alloy  of 
this  description;  both  of  these  possess  considerable  malleability, 
pewter  being  intermediate  in  hardness  between  lead  and  Britannia 
metal.  The  best  pewter  consists  of  4  parts  of  tin,  and  i  of  lead. 
Another  alloy,  which  is  intermediate  in  properties  between  pewter 
and  Britannia  metal,  is  called  Queen's  metal;  it  is  used  for  the 
manufacture  of  teapots  and  common  spoons.  It  consists  of  9  parts 
of  tin,  I  part  of  antimony,  i  of  bismuth,  and  i  of  lead. 

Plumber's  solder  is  an  alloy  of  tin  and  lead  which  is  more 
fusible  than  pure  lead.  Fine  solder  consists  of  2  parts  tin  and  i 
of  lead  ;  common  solder  of  equal  parts  of  lead  and  tin  ;  and  coarse 
solder  is  composed  of  2  of  lead  to  i  of  tin. 

Tin  forms  several  very  useful  alloys  with  copper.  Bell  metal 
consists  of  about  78  of  copper  and  22  of  tin,  or  (CugSn).  Gun  metal 
contains  9  or  10  per  cent,  of  tin.  Bronze  contains  less  tin,  with 
usually  an  addition  of  3  or  4  per  cent,  of  zinc.  Bronze  admits  of 
a  peculiar  kind  of  tempering.  If  it  be  annealed,  and  allowed  to 
cool  slowly,  it  becomes  hard,  brittle,  and  elastic ;  but  if  cooled 
suddenly,  it  may  be  hammered,  and  worked  at  the  lathe ;  this  pro- 
perty is  taken  advantage  of  in  the  manufacture  of  articles  with  this 
alloy;  they  are  wrought  in  the  soft  state,  and  are  afterw-ards hard- 
ened by  annealing.  The  effect  of  sudden  cooling  upon  bronze  is 
therefore  just  the  reverse  of  that  which  is  produced  by  it  upon  steel. 
These  alloys  of  copper  and  tin  are  much  harder  than  copper  itself,  and 
considerably  more  fusible.  The  melting  point  of  copper,  accord- 
ing to  Daniell,  is  1996°,  but  an  alloy  of  tin  and  copper  containing 
6'6  per  cent,  of  tin,  fused  at  1690"^;  and  one  with  12*3  per  cent, 
of  tin,  at  1534°  F.  These  alloys  have  a  specific  gravity  greater 
than  the  mean  of  the  metals  which  enter  into  their  composition. 
They  resist  oxidation  in  the  air  more  completely  than   copper. 

An  inconvenience  in  the  use  of  the  alloys  of  copper  and  tin 
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arises  from  the  circumstance^  that,  when  melted,  the  two  metals, 
owing  to  their  difference  in  density,  have  a  tendency  to  separate 
from  each  other,  even  after  they  have  been  well  incorporated  : 
the  tin  accumulates  in  the  upper  portions  of  the  melted  mass, 
where  it  forms  a  more  fusible  alloy.  It  is  therefore  very  diffi- 
cult in  large  castings  to  obtain  a  mass  of  metal  the  composition  of 
which  is  uniform  throughout. 

Speculum  Metal,  used  for  the  mirrors  of  reflecting  telescopes, 
consists  of  I  part  tin  and  2  copper,  or  (SnCu^).  It  is  of  a  steel 
white  colour,  extremely  hard,  brittle,  and  susceptible  of  a  high 
polish. 

The  Amalgam  of  Tin  and  Mercury  is  employed  for  the  silver- 
ing of  mirrors.  In  order  to  apply  it  to  the  glass,  a  sheet  of 
tinfoil  is  spread  evenly  upon  a  smooth  slab  of  stone,  which  forms 
the  top  of  a  table  carefully  levelled  and  surrounded  by  a  groove, 
for  the  reception  of  the  superfluous  mercury.  Clean  mercury  is 
poured  upon  the  tinfoil,  and  spread  uniformly  over  it  with  a  roll 
of  flannel ;  more  mercury  is  then  poured  on  until  it  forms  a 
fluid  layer  of  the  thickness  of  about  half-a-crown ;  the  surface  is 
cleared  of  impurities  by  passing  a  linen  cloth  lightly  over  it, 
the  plate  of  glass  is  carefully  dried,  and  its  edge  being  made  to  dip 
below  the  surface  of  the  mercury,  is  pushed  forward  cautiously; 
all  bubbles  of  air  are  thus  excluded  as  it  glides  over  and  adheres 
to  the  surface  of  the  amalgam.  Weights  are  then  placed  upon 
the  glass,  and  the  stone  is  gently  inclined  so  as  to  allow  the  excess 
of  mercury  to  drain  off*;  the  plate  is  then  covered  with  flannel  and 
loaded  with  weights  for  24  hours,  at  the  end  of  which  time  it  is 
placed  upon  a  wooden  table,  the  inclination  of  which  is  increased 
from  day  to  day  until  the  mirror  assumes  a  vertical  position :  in 
about  a  month  it  is  sufficiently  drained.  The  amalgam  usually 
contains  about  4  parts  of  tin  to  i  of  mercury. 

Several  of  the  compounds  of  tin  are  employed  in  the  arts. 
The  binoxide  is  used  to  some  extent  in  the  preparation  of  enamels, 
and  both  the  chlorides  of  tin  are  substances  of  great  importance 
to  the  dyer  and  the  calico  printer. 

(677)  Oxides  of  Tin. — With  oxygen,  tin  forms  two  principal 
compounds,  the  protoxide  and  the  binoxide,  besides  some  inter- 
mediate oxides  of  minor  importance. 

Protoxide  of  Tin  (SnO,  Eq.  6^),  is  obtained  as  a  white  hydrate, 
(SnO,  HO),  by  pouring  a  solution  of  the  protochloride  of  the  metal 
into  one  of  carbonate  of  soda  or  potash  in  excess ;  the  carbonic  acid 
escapes  with  effervescence.  When  moist,  this  hydrate  absorbs  oxygen 


932  METASTANNIC    ACID. 

from  the  air,  but  not  when  dry.  By  ignition  in  close  vessels 
filled  with  nitrogen  or  with  carbonic  acid  it  becomes  anhydrous. 
If  heated  in  the  open  air  it  glows,  and  is  converted  into  the  binoxide. 
If  the  hydrated  oxide  be  boiled  with  a  solution  of  potash  in  excess, 
it  is  dissolved,  and  in  a  few  days  metallic  tin  separates,  peroxide  of 
the  metal  remaining  in  solution.  If  boiled  with  a  weak  solution 
of  potash,  in  quantity  insufficient  to  dissolve  the  oxide,  it  becomes 
anhydrous,  and  is  converted  into  a  mass  of  black  crystalline  needles; 
these  needles  when  heated  decrepitate  powerfully,  increase  in  bulk, 
and  are  converted  into  an  olive-broT\Ti  powder.  The  oxide  may  also 
be  procured  of  a  brilliant  scarlet  colour,  which  however  by  friction 
disappears,  and  becomes  brown.  The  hydrated  oxide  is  readily  dis- 
solved by  acids,  but  the  anhydrous  oxide  is  more  slowly  acted  upon. 

(678)  Binoxide  of  Tin  (SnOg,  Eq.  75;  Sp.  Gr.  6'95),  occurs  native 
in  the  anhydrous  form,  and  constitutes  the  only  ore  of  tin  that  is 
worked.  It  is  met  with  crystallized  in  square  prisms,  which  have 
usually  a  brown  colour,  owing  to  the  presence  of  oxide  of  iron.  It 
is  insoluble  in  acids,  but  if  heated  with  an  alkali,  it  enters  into 
combination  with  it,  and  forms  a  soluble  compound. 

In  its  hydrated  condition  binoxide  of  tin  has  the  characters  of 
an  acid,  and  forms  two  remarkable  varieties,  which  have  been 
termed  metastannic  and  stannic  acid  (Fremy,  Ami.  de  Chimie,  III. 
xxiii.  393).  Like  the  metaphosphoric  and  phosphoric  acids,  they 
require  each  a  different  amount  of  base  for  saturation,  the  stannic 
acid  combining  with  the  greatest  proportion  of  base. 

Metastannic  Acid,  (Sn-Oio),  is  readily  procured  by  treating 
metallic  tin  with  nitric  acid ;  violent  action,  attended  with  extrica- 
tion of  nitrous  fumes,  occurs,  and  the  tin  is  converted  into  a  white 
crystalline  insoluble  mass,  which  is  hydrated  metastannic  acid ;  after 
washing  it  mth  cold  water,  the  acid,  when  dried  in  air,  consists 
of  Sn^Oio+ioHO  (Fremy).  In  this  state  it  reddens  litmus 
paper ;  when  dried  at  212°  it  loses  half  its  water,  and  by  ignition 
becomes  anhydrous,  and  of  a  pale  buff  colour  :  in  this  form  it 
possesses  the  properties  of  the  native  oxide,  and  constitutes  the 
putty  powder  employed  for  polishing  plate ;  it  is  also  largely  used 
for  giving  whiteness  and  opacity  to  enamels. 

In  its  hydrated  form  metastannic  acid  is  insoluble  in  nitric 
acid  ;  concentrated  sulphuric  acid,  when  heated  with  it,  dissolves  it 
freely  and  forms  a  compound  soluble  both  in  water  and  in  alcohol ; 
by  boiling  the  solution  it  is  decomposed,  and  the  two  acids  are 
separated.  Hydrochloric  acid  combines  with  it,  but  does  not  dis- 
solve it ;  the  compound  is  soluble  in  pure  water,  but  is  reprecipitated 
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on  the  addition  of  acid  in  excess,  or  on  boiling  the  solution. 
Metastannic  acid  is  freely  soluble  in  solutions  of  potash  and  soda, 
as  well  as  in  solutions  of  their  carbonates,  but  it  is  not  dissolved  by 
ammonia.  These  metastannates  are  not  crystallizable,  and  are  pre- 
cipitated by  adding  caustic  potash  to  the  aqueous  solution;  the 
granular  precipitate  may  be  drained  upon  a  tile,  and  dried  at  %6cP  F. 
The  potash  salt  has  a  strongly  alkaline  reaction ;  it  consists  of  (KO, 
Sn-Ojo,  4aq).  The  metastannates  of  the  alkalies,  when  strongly 
heated,  are  decomposed  and  become  insoluble ;  when  treated  with 
water,  metastannic  acid  is  left,  whilst  the  alkali  is  dissolved. 
Metastannic  acid  may  be  recognised  by  the  beautiful  golden-yellow 
colour  which  it  yields  when  its  hydrate  is  moistened  with  proto- 
chloride  of  tin,  owing  to  the  formation  of  metastannate  of  tin, 
(SnO,  SugOio,  4  aq).  The  only  metastannates  which  are  soluble  are 
those  of  potash  and  soda ;  they  are  precipitated  in  the  gelatinous 
state  from  their  solutions  by  the  addition  of  almost  any  of  the 
neutral  salts  of  soda,  potash,  or  ammonia. 

(679)  Stannic  Acid,  (HO,  SnOa). — This  variety  of  the  hydrated 
oxide  of  tin  may  be  procured  by  precipitating  a  solution  of  bichlo- 
ride of  tin  by  ammonia,  or  still  better  by  an  insoluble  carbonate, 
such  as  chalk  or  carbonate  of  baryta,  when  it  separates  as  a  gela- 
tinous precipitate  which  may  be  readily  washed  clean  :  when  dried 
in  vacuo,  the  composition  of  the  hydrate  is  (HO,  SnOa).  In  this 
state  it  is  freely  soluble  in  hydrochloric  acid,  with  which  it  repro- 
duces bichloride  of  tin ;  it  is  also  soluble  even  in  dilute  sulphuric 
acid,  but  the  stannic  acid  is  separated  on  boiling.  Nitric  acid  dis- 
solves it  freely.  Stannic  acid  is  soluble  in  the  cold  in  solutions  of 
potash  and  of  soda,  but  not  in  ammonia ;  by  a  heat  of  284°  F.  it 
is  converted  into  metastannic  acid.  In  combination  with  the  alka- 
lies it  forms  compounds  which  crystallize  readily,  especially  from 
solutions  which  contain  an  excess  of  alkali. 

St  annate  of  Pot  ash,  (KO,  SnOa,  4  HO),  is  easily  prepared  by 
heating  any  form  of  peroxide  of  tin  with  excess  of  caustic  potash  ; 
on  dissolving  and  evaporating  the  product,  crystals  are  formed. 
When  heated  to  redness,  the  stannate  of  potash  may  be  rendered 
anhydrous.  The  soluble  stannates  have  a  powerful  alkaline 
reaction ;  they  absorb  carbonic  acid  from  the  air  when  in  solution, 
and  are  precipitated  by  solutions  of  most  of  the  salts  of  potash, 
soda,  and  ammonia. 

Stannate  of  Soda,  (NaO,  Sn02  +  4  aq),  may  be  prepared  in  the 
same  way  as  the  stannate  of  potash.  It  crystallizes  with  facility  in 
six-sided  tables^  when  a  solution  saturated  at  about  100°  F.  is  heated 
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to  the  boiling  point,  as  it  is  more  soluble  in  cold  than  in  hot  water. 
This  stannate  is  now  largely  prepared  as  a  mordant  for  the  use 
of  the  dyer  and  calico-printer.  It  forms  the  basis  of  what  is 
technically  known  as  tm  prepare  liquor.  Copper  is  quickly  tinned 
by  a  solution  of  this  salt. 

Stannate  of  the  Protoxide  of  Tin,  (SnO,  SnOg),  may  be  prepared 
as  a  slimy  grey  hydrate,  soluble  in  ammonia,  by  boiling  pure 
hydrated  sesqui oxide  of  iron  with  a  solution  of  protochloride  of  tin. 
It  is  soluble  in  hydrochloric  acid ;  the  solution  gives  a  purple  pre- 
cipitate with  salts  of  gold. 

(680)  The  Sulphides  of  Tin  are  three  in  number, — the  proto- 
sulphide,  the  bisulphide,  and  the  sesquisulphide  :  the  latter  is  unim- 
portant. 

The  Protosulphide  of  Tin,  (SnS),  Eq.  75,  may  be  formed  by 
fusing  the  metal  with  sulphur,  when  it  forms  a  bluish  grey  crys- 
talline mass,  easily  dissolved  by  melted  tin ;  it  may  also  be  obtained 
by  passing  sulphuretted  hydrogen  through  a  protosalt  of  tin  in 
solution,  when  it  falls  as  a  chocolate-brown  hydrate.  It  is  soluble  in 
sulphide  of  ammonium,  and  in  the  alkaline  sulphides,  if  they  contain 
an  excess  of  sulphur.  Protosulphide  of  tin  combines  with  the  sul- 
phides of  the  electro-negative  metals,  such  as  arsenic  and  antimony. 
It  is  also  dissolved  by  hydrochloric  acid  with  extrication  of  sul- 
phuretted hydrogen.  The  sesquisulphide  (Sn2S3)  may  be  prepared 
by  mixing  the  protosulphide  with  one-third  its  weight  of  sulphur, 
and  heating  to  dull  redness ;  it  is  only  partially  soluble  in  hydro- 
chloric acid. 

The  Bisulphide  of  Tin,  (SnSg,  Eq.  91),  is  known  as  Mosaic  gold; 
it  forms  a  beautiful  yellow  flaky  compound,  which  is  obtained  by 
preparing  an  amalgam  of  1 2  parts  of  tin  and  6  of  mercury :  this 
is  reduced  to  powder  and  mixed  with  7  parts  of  sublimed  sulphur 
and  6  of  sal  ammoniac.  This  mixture  is  introduced  into  a  flask 
with  a  long  neck,  and  is  heated  gently  as  long  as  a  smell  of  sul- 
phuretted hydrogen  is  perceptible;  the  temperature  is  then  raised 
to  low  redness ;  calomel  and  cinnabar  are  sublimed,  and  a  scaly  mass 
of  bisulphide  of  tin  remains.  If  the  heat  be  pushed  too  far,  part  of 
the  sulphur  is  expelled,  and  the  operation  fails.  The  sal  ammoniac 
appears  by  its  volatilization  to  moderate  the  heat  produced  during 
the  sulphuration  of  the  tin,  which  would  otherwise  rise  so  high  as 
to  decompose  the  bisulphide.  Bisulphide  of  tin  is  used  in  the  arts 
to  imitate  bronze.  Aqua  regia  is  the  only  acid  that  decom- 
poses it,  but  it  is  readily  soluble  in  the  alkalies.  A  hydrated 
bisulphide  of  tin,  of  a  dingy  yellow,  is  produced  by  passing  sul- 
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phurettcd  liydrogen  through  a  solution  of  the  persalts  of  tin.  This 
hydrate  is  readily  dissolved  by  sulphide  of  ammonium,  evolving  sul- 
phuretted hydrogen :  it  is  also  soluble  in  the  alkalies,  and  in  hot 
hydrochloric  acid.  With  sulphide  of  sodium  it  forms  a  salt  which 
may  be  obtained  in  yellow  crystals  of  2  NaS,  SnSa  +  12  aq. 

The  bisulphide  fuses  when  chlorine  is  passed  over  it ;  6  equiva- 
lents of  the  gas  are  absorbed,  and  a  yellow  crystalline  compound  is 
obtained  without  the  aid  of  heat,  which  may  be  considered  as  a 
compound  of  i  equivalent  of  bichloride  of  tin  with  2  equivalents 
of  bichloride  of  sulphur,  SnCla,  2  SCI2. 

{6^1)  Chlorides  of  Tin. — Tin  forms  with  chlorine  two  com- 
pounds, which  correspond  in  composition  with  the  sulphides  of  the 
metal. 

Protochloride  of  Tin,  (SnCl);  Eq.  94'5. — The  hydrate  of  this  salt 
may  be  obtained  by  dissolving  tin  in  hydrochloric  acid.  This  solu- 
tion is  usually  effected  on  the  large  scale  in  copper  vessels,  since 
the  voltaic  opposition  of  the  two  metals  favours  the  solution  of  the 
tin  :  on  evaporating  the  liquid  till  it  crystallizes,  prismatic  needles 
are  formed  (SnCl,  2  aq. ;  sjj.  gr.  2759)  'y  ^1  ^  ^Q^i  of  212°  it  may 
be  rendered  anhydrous,  but  it  generally  loses  a  portion  of  hydro- 
chloric acid  at  the  same  time.  The  protochloride  is  decomposed  if 
mixed  with  a  large  quantity  of  water,  hydrochloric  acid  remains 
in  solution,  and  a  white,  hydrated  oxychloride,  SnCl,  SnO,  2  aq, 
subsides.  When  exposed  to  the  air,  either  in  crystals  or  in  solu- 
tion, it  absorbs  oxygen  and  forms  a  mixture  of  bichloride  and  oxy- 
chloride of  tin.  Protochloride  of  tin  has  a  powerful  affinity  both  for 
chlorine  and  for  oxygen ;  it  therefore  acts  as  a  powerful  reducing 
agent.  Thus  it  deoxidizes  completely  the  salts  of  mercury,  of  silver, 
of  gold,  of  antimony,  and  of  arsenic.  Advantage  is  sometimes 
taken  of  this  circumstance  in  the  analytical  determination  of  the 
quantity  of  mercury,  since  all  the  salts  of  mercury,  when  boiled 
with  the  protochloride  of  tin,  are  decomposed,  and  yield  their  mer- 
cury in  a  metallic  form.  Sulphurous  acid  is  likewise  deprived  by 
it  of  its  oxygen,  and  it  consequently  produces  a  precipitate  of  sul- 
phide of  tin  when  mixed  with  a  solution  of  the  salt.  It  reduces 
the  metallic  acids  in  the  salts  of  chromic,  tungstic,  molybdic,  and 
manganic  acids  to  a  lower  state  of  oxidation ;  and  converts  the 
persalts  of  iron  into  protosalts,  and  the  protosalts  of  copper  into 
salts  of  the  red  oxide.  Protochloride  of  tin  is  extensively  employed 
as  a  mordant  by  the  dyer  and  calico  printer,  under  the  name  of 
salts  of  tin,  and  they  also  use  it  for  deoxidizing  indigo  and  the  per- 
oxides of  iron  and  manganese.    It  forms  double  clilorides  with  many 
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of  the  cUorides  of  the  metals  of  the  alkalies  and  alkaline  earths ; 
these  double  salts  are  capable  of  crystallization.  The  protochlo- 
ride  or  butter  of  tin  may  be  procured  in  the  anhydrous  form  by 
distilhng  a  mixture  of  equal  weights  of  tin  filings  and  corrosive 
sublimate;  HgCl  +  Sn  =  SnCl  +  Hg :  it  remains  behind  as  a  grey 
brilliant  mass  with  a  vitreous  fracture;  at  a  full  red  heat  it  may 
be  distilled.  On  passing  a  current  of  chlorine  over  it^  heat  and 
light  are  evolved^  and  the  bichloride  of  tin  is  formed. 

(682)  Bichloride  of  Tin,  (SnCy,  Eq.  130. — This  compound 
may  be  prepared  also  by  passing  dry  chlorine  over  melted  tin,  or 
else  by  mixing  4  parts  of  corrosive  sublimate  with  i  part  of  tin  filings: 
on  the  application  of  heat  a  colourless  liquid  distils^  which  was 
formerly  known  as  the  liquor  fumans  Libavii ;  2  HgCl  +  Sn= 
SnClg  +  Hg.  It  emits  dense  white  fumes  when  exposed  to  the 
air_,  and  has  a  sp.  gr.  of  2*28  :  it  boils  at  248°  F.,  and  gives  off 
a  vapour  of  a  density  of  9*2.  When  mixed  with  water,  intense  heat 
is  evolved,  and  a  hydrate  is  formed ;  this  compound  crystallizes  in 
rhombs  (SnClg,  2  aq),  when  it  is  allowed  to  form  spontaneously, 
by  attracting  moisture  from  the  air :  but  though  freely  soluble  in 
a  small  quantity  of  water,  copious  dilution  causes  the  precipitation 
of  hydrated  stannic  acid,  and  liydrochloric  acid  is  set  free.  Bichlo- 
ride of  tin  is  readily  soluble  in  water  acidulated  with  hydrochloric 
acid.  The  bichloride  of  tin  forms  numerous  double  salts  with  the 
soluble  chlorides  ;  the  compound  with  chloride  of  potassium  crys- 
tallizes in  anhydrous  octohedra,  KCl,  SnClg  ;  a  similar  constitution 
holds  in  the  corresponding  ammoniacal  salt,  NH^Cl,  SnCla,  which 
is  the  pink  silt  of  the  dyer.  An  impure  bichloride  of  tin  is  largely 
used  by  the  dyers  under  the  name  of  nitromuriate  of  tin,  or  com- 
positio7i;  it  is  generally  prepared  by  dissolving  tin  at  a  gentle  heat 
in  a  mixture  of  nitric  acid  and  sal  ammoniac.  The  other  salts  of 
tin  are  unimportant. 

(683)  Characters  of  the  Salts  of  Tin. — Tin  forms  two 
series  of  salts,  the  salts  of  the  protoxide  and  the  salts  of  the 
peroxide  :  the  bichloride  of  tin  is  the  only  salt  of  the  latter  class 
that  has  been  minutely  examined. 

1 .  The  Protosalts  of  Tin  are  nearly  colourless ;  they  have  a 
powerful  styptic  taste ;  when  in  solution  they  absorb  oxygen 
rapidly  from  the  air ;  when  largely  diluted  with  water  the  solution 
becomes  milky,  but  it  is  rendered  clear  by  a  small  excess  of  hydro- 
chloric acid.  The  fixed  alkalies  produce  a  white  precipitate  of 
hydrated  protoxide  of  tin,  which  is  soluble  in  excess  of  the  alkali,  but 
on  boiling,  part  of  the  tin  is  deposited  as  a  black  metallic  powder. 
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Ammonia  gives  a  white  hydrated  oxide  of  tin,  but  the  precipitate 
is  not  redissolved  by  an  excess  of  ammonia.  The  alkaline  carbonates 
give  a  similar  precipitate,  whilst  carbonic  acid  escapes  with  efferves- 
cence. A  very  characteristic  reaction  is  the ,  production,  with  sul- 
phuretted hydrogen,  of  a  chocolate-brown  precipitate  of  hydrated 
protosulphide  of  tin.  With  sulphide  of  ammonium,  a  similar  pre- 
cipitate is  formed,  which  is  soluble  in  the  alkaline  sulphides.  With 
dilute  solution  of  chloride  of  gold,  they  give,  if  used  in  excess,  a 
brown  precipitate  of  reduced  gold ;  in  smaller  quantity,  they  yield  a 
beautiful  purple  precipitate,  the  purple  of  Cassius.  Ferrocyanide 
of  potassium  gives  a  white  precipitate,  soluble  in  hydrochloric 
acid. 

2.  The  Per  salts  of  Tin  are  found  to  give  with  the  caustic 
alkalies  a  white  precipitate,  sol  uble  in  excess  of  the  alkalies ;  it 
is  not  precipitated  on  boiling  the  solution.  Carbonates  of  the  alka- 
lies give  a  white  hydrated  oxide  with  escape  of  carbonic  acid :  the 
precipitate  is  insoluble  in  excess  of  the  alkaline  salt.  Sulphuretted 
hydrogen  and  hydrosulphate  of  ammonia  both  produce  a  dirty  yellow 
precipitate  of  hydrated  sulphide  of  tin,  which  is  soluble  in  excess 
of  the  alkaline  sulphides,  and  in  the  caustic  alkalies.  All  the 
compounds  of  tin  before  the  blowpipe  with  soda  on  charcoal  in  the 
reducing  flame,  give  white  malleable  globules  of  the  reduced  metal. 

(684)  Estimation  of  Tin,  and  separation  from,  the  foregoing 
Metals. — Tin  is  estimated  in  the  form  of  the  anhydrous  peroxide ; 
100  parts  of  which  contain  7866  of  the  metal. 

The  separation  of  tin  from  all  the  metals  hitherto  described,  is 
effected  by  means  of  sulphuretted  hydrogen.  With  the  exception 
of  cadmium,  none  of  these  metals  is  precipitated  by  the  gas. 
The  mixed  sulphides  of  tin  and  cadmium  may  be  at  once  evaporated 
to  dryness  with  nitric  acid :  on  treating  the  residue  with  water, 
nitrate  of  cadmium  will  be  dissolved,  and  the  insoluble  oxide  of 
tin  will  remain.  The  sulphide  of  cadmium  is  also  easily  separated 
from  the  sulphides  of  tin  by  hydroWphate  of  ammonia,  which  dis- 
solves the  sulphides  of  tin  and  leaves  the  sulphide  of  cadmium. 
Both  the  sulphides  of  tin,  by  ignition  in  a  current  of  air,  are  gra- 
dually converted  into  the  binoxide  of  tin :  this  change  may  be 
accelerated  by  moistening  them  with  nitric  acid. 

Tin  may  also  be  separated  from  all  metals  with  the  exception  of 
antimony,  arsenic  (and  lead  if  sulphuric  acid  be  present),  by 
evaporating  the  solution  nearly  to  dryness  with  nitric  acid, and  wash- 
ing the  residue  with  water  strongly  acidulated  with  nitric  acid. 
The  tin  remains  as  metastannic  acid,  and  by  ignition  furnishes  the 
anhydrous  peroxide. 
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§  II.   Titanium. 
Symbol,  Ti;  Equivalent,  24*  12?. 

{6^^)  Titanium  is  a  comparatively  rare  metal^  wliich  presents 
considerable  analogy  with  tin.  Its  principal  ores  are  titaniferous 
iron,  and  rntile,  anatase,  or  brookite,  which  are  three  different  forms 
of  titanic  acid,  TiOg^  coloured  by  variable  quantities  of  the  oxides 
of  iron,  manganese,  and  chrome.  When  titanic  acid  is  intensely 
heated  with  charcoal,  it  is  reduced,  but  is  not  fused.  A  remarkable 
compound  of  the  metal  is  frequently  found,  in  the  form  of  copper- 
coloured  cubic  crystals,  adhering  to  the  slags  of  the  Welsh  iron 
furnaces.  These  crystals  are  hard  enough  to  scratch  agate ;  they 
have  a  sp.  gr.  of  53.  No  acid,  except  a  mixture  of  nitric  and 
hydrofluoric  acids,  has  any  action  upon  them,  but  they  are  oxidized 
by  fusion  with  nitre,  or  by  ignition  in  a  current  of  oxygen.  These 
crystals  were  supposed  by  Wollaston  to  be  metallic  titanium,  but 
Wohler  showed  that  they  consist  of  a  combination  of  cyanide  with 
nitride  of  titanium  ;  they  contain  18  per  cent,  of  nitrogen,  and  4 
of  carbon,  having  a  formula  TiCy  +  3  (Ti3N) .  Another  nitride  of 
the  metal,  TigNg,  also  formerly  mistaken  for  metallic  titanium,  is 
procured  in  copper- coloured  scales  by  igniting  the  ammonio- 
chloride  of  titanium  (2  H3N,  TiClg)  in  close  vessels,  in  a  current 
of  ammonia.  Pure  titanium  may  be  obtained  by  decomposing  the 
double  fluoride  of  titanium  and  potassium  with  potassium.  It  then 
forms  a  grey  amorphous  powder,  which  burns  in  air  with  scin- 
tillation, and  deflagrates  in  oxygen  with  dazzling  brilliancy. 

(686)  Three  Oxides  of  Titanium  probably  exist — the  prot- 
oxide, the  sesquioxide,  and  the  deutoxide  or  titanic  acid. 

The  Protoxide  (TiO,  Eg.  ^2),  has  not  been  obtained  in  a  pure 
state.  It  appears  to  be  formed  when  titanic  acid  is  heated  in  a 
crucible  lined  with  charcoal :  but  where  the  acid  is  actually  in 
contact  with  the  charcoal,  a  film  of  metallic  titanium  is  formed. 
The  protoxide  is  a  black  powder  nearly  insoluble  in  acids,  and  is 
gradually  oxidized  by  exposure  to  a  high  temperature  in  air,  or 
by  fusion  with  nitre. 

If  a  solution  of  titanic  acid  in  hydrochloric  acid  be  digested 
with  zinc,  a  purple  hydrated  sesquioxide  of  titanium  is  deposited, 
which  absorbs  oxygen  from  the  air  with  great  rapidity,  becoming 
white  from  the  formation  of  titanic  acid.  Hydrochloric  acid  dis- 
solves it  sparingly,  and  forms  a  blue  solution. 

Titanic  Acid  (TiOa),  Eq.  40. — This  compound  occurs  in  menac- 
canite  and  iserine  as  titanate  of  iron ;  but  more  commonly  it  is 
met  with  in  the  uncombined  condition^  constituting  the  principal 
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ore  of  the  metal.  It  is  found  native  under  tliree  distinct  crystal- 
line forms,  each  of  which  has  a  diflerent  specific  gravity.  Of 
these,  the  densest  and  most  abundant  is  rutile,  of  specific  gravity 
4*25  :  it  occurs  in  long  striated  prisms  or  needles  of  a  brown 
colour,  isomorphous  with  those  of  tin-stone.  The  second  variety, 
brookite,  of  specific  gravity  4*13,  is  found  in  right  rhombic  prisms, 
sometimes  opaque,  at  others  transparent,  and  of  a  pale  brown ; 
whilst  the  third  variety,  anatase,  is  found  at  Dauphiny  in  acute 
octohedra,  which  are  semitransparent  and  of  a  yellowish  brown  or 
blue  colour;  they  have  a  specific  gravity  of  3'9.  Corresponding 
differences  are  observed  in  the  titanic  acid  artificially  prepared  in 
the  laboratory.  Like  the  oxide  of  tin,  it  may  be  obtained  in  two 
isomeric  forms,  possessed  of  different  properties.  In  fact,  the 
existence  of  two  dissimilar  modifications  is  a  very  usual  occurrence 
in  the  case  of  metallic  oxides  possessed  of  feeble  acid  powers. 

Pure  titanic  acid  may  be  obtained  by  reducing  rutile  to  a 
fine  powder,  and  fusing  it  with  thrice  its  weight  of  carbonate  of 
potash.  On  treating  the  mass  with  hot  water,  an  impure  bitita- 
nate  of  potash  remains.  It  is  dissolved  in  hydrochloric  acid, 
next  mixed  with  an  excess  of  ammonia,  and  the  precipitate  is 
digested  in  hydrosulphate  of  ammonia,  by  which  the  tin,  iron,  and 
manganese  are  converted  into  sulphides,  whilst  the  titanic  acid 
remains  unchanged :  a  solution  of  sulphurous  acid  then  dissolves 
the  sulphides,  and  a  pure  white  titanic  acid  is  left.  By  long 
continued  ignition,  the  colour  of  this  white  acid  deepens,  and  its 
specific  gravity  increases  till  it  acquires  a  density  equal  to  that  of 
rutile.  In  this  state  it  is  insoluble  either  in  solutions  of  the  alka- 
lies, or  in  acids,  except  hydrofluoric  acid,  or  in  boiling  oil  of  vitriol. 
This  modification  of  the  acid  may  however  be  converted  into  the 
soluble  form,  by  heating  it  with  a  fixed  alkaline  carbonate,  then 
dissolving  the  residue  with  cold  hydrochloric  acid,  and  precipitating 
the  titanic  acid  by  means  of  carbonate  of  ammonia  :  it  thus  forms 
a  white  gelatinous  hydrate,  which  dries  into  a  semitransparent 
mass  capable  of  reddening  litmus.  The  liquid  long  remains 
turbid ;  it  cannot  be  rendered  clear  by  filtration,  unless  an  excess 
of  some  ammoniacal  salt  be  present.  Hydrated  titanic  acid  is 
dissolved  by  the  alkalies  in  solution,  and  it  yields  definite  salts  with 
them.  When  fused  with  potash  it  forms  a  transparent  yellowish 
glass.  The  hydrate  of  titanic  acid  is  soluble  in  dilute  hydro- 
chloric acid;  it  is  also  dissolved  by  sulphuric  acid,  and  forms  a 
definite  sulphate  (TiOa,  SO3),  which  may  be  evaporated  to  dryness 
at  a  low  temperature  without  undergoing  decomposition.  Both 
these  acid   solutions  are  decomposed  by  boiling  them;  and  the 
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insoluble  variety  of  titanic  acid  is  precipitated.  When  heated  it 
loses  water  and  becomes  insoluble.  It  becomes  yellow  on  ignition, 
but  recovers  its  whiteness  on    cooling. 

(687)  A  Bisulphide  of  Titanium  (TiSg),  may  be  obtained  in 
green  scales ;  it  is  not  soluble  in  the  alkaline  sulphides. 

Bichloride  of  Titanium  (TiClg,  Eq.  95),  is  a  fuming  volatile 
liquid,  resembling  the  bichloride  of  tin.  It  may  be  obtained  by 
decomposing  pure  titanic  acid,  intimately  mixed  with  charcoal,  and 
heated  to  redness  in  a  porcelain  tube,  by  means  of  a  current  of 
dry  chlorine  gas.  It  is  a  colourless  liquid,  which  boils  at  277°  F., 
and  yields  a  vapour  of  sp.  gr.  6*836  ;  with  a  small  quantity  of 
water  it  combines  to  form  a  crystallizable  compound.  A  large 
quantity  of  water  produces  its  decomposition,  hydrated  titanic  acid 
being  separated. 

(688)  Characters  of  the  Compounds  of  Titanium. — The 
salts  of  the  protoxide  are  little  known;  with  the  alkaline  carbonates 
they  give  a  blue  precipitate,  which  becomes  first  brown  and  ulti- 
mately green.  The  titanates  of  the  alkalies  are  of  a  yellowish  white 
colour ;  if  neutral,  they  are  insoluble  ;  hot  water  removes  the  alkali, 
while  most  of  the  titanic  acid  remains  undissolved.  Hydrochloric 
acid  dissolves  them,  forming  a  solution,  which,  when  boiled,  becomes 
turbid  from  deposition  of  titanic  acid;  ammonia,  when  added  to 
this  solution,  produces  a  white  precipitate.  Infusion  of  galls  pro- 
duces an  orange  coloured  precipitate  in  the  acid  solutions  of  the 
titanates ;  a  precipitate  of  similar  colour  is  produced  by  ferrocyanide 
of  potassium.  In  the  reducing  flame  of  the  blowpipe  the  titanates 
give  with  microcosmic  salt  a  beautiful  purple  or  bluish  glass,  which 
becomes  colourless  in  the  oxidizing  flame.  This  reaction  distin- 
guishes the  titanates  from  the  tantalates. 

(689)  Estimation  of  Titanium. — Titanium  is  always  estimated 
in  the  form  of  titanic  acid.  Its  solution  in  cold  hydrochloric  acid 
is  not  precipitated  by  sulphuretted  hydrogen, by  which  means  it  may 
be  separated  from  tin  and  cadmium,  both  of  which  are  thrown  down 
as  insoluble  sulphides.  The  solution  is  then  mixed  with  tartaric 
acid,  and  supersaturated  with  hydrosulphate  of  ammonia.  Iron, 
nickel,  cobalt,  manganese,  and  zinc  are  thus  separated  in  the  form 
of  sulphides.  The  solution  is  then  evaporated  to  dryness,  and  the 
carbon  is  burned  off*;  titanic  acid  is  left,  mixed  with  the  earthy 
and  alkaline  salts  of  the  mixture ;  the  residue  is  fused  with  potash, 
redissolved  in  the  cold  with  hydrochloric  acid,  and  on  boiling  the 
liquid,  to  which  a  little  dilute  sulphuric  acid  has  been  added,  the 
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titanic  acid  is  precipitated.  This  process,  however,  is  not  very  accu- 
rate ;  indeed  the  exact  determination  of  the  quantity  of  titanium 
in  its  compounds  is  a  matter  of  considerable  difficulty. 

§  III.  CoLUMBiUM,   Niobium^  Ilmenium. 

(690)  Columbium  or  tantalum  occurs  in  the  tantalite  of  Bo- 
hemia, and  niobium  is  a  metal  found  by  H.  Rose  in  the  American 
tantalite.  These  metals  have  been  as  yet  but  imperfectly  studied, 
and  are  too  rare  to  need  a  detailed  notice  here;  they  have  a 
considerable  analogy  with  silicon.  According  to  M.  Hermann 
the  yttro-tantalite  of  Siberia  contains  a  new  metal  analogous  to 
columbium,  to  which  he  has  given  the  name  of  Ilmenium, 

§  IV.  Molybdenum. 

Symbol,  Mo  ;  Equivalent,  46-0 ;  Specific  Gravity,  8*615  ^^  8-536. 

(691)  The  principal  ore  of  molybdenum  is  the  bisulphide,  a 
mineral  in  appearance  much  resembling  plumbago,  and  which  occurs 
chiefly  in  Bohemia  and  in  Sweden.  Molybdenum  is  also  occasion- 
ally found  oxidized,  in  combination  with  oxide  of  lead  as  molybdate 
of  lead.  The  metal  may  be  obtained  by  roasting  the  pure  native  sul- 
phide in  a  free  current  of  air ;  the  sulphur  passes  off  as  sulphurous 
acid,  whilst  the  molybdenum  also  combines  with  oxygen,  and  re- 
mains behind  in  the  form  of  molybdic  acid.  If  this  be  mixed  into  a 
paste  with  oil  and  charcoal,  and  exposed  to  the  heat  of  a  smith's 
forge,  in  a  crucible  lined  with  charcoal,  it  is  reduced  to  the  me- 
tallic state.  In  this  form  molybdenum  is  white,  brittle,  and  very 
difficult  of  fusion.  The  acid  may  also  be  reduced  by  heating  it  to 
redness  in  a.  porcelain  tube  in  a  current  of  hydrogen  :  when  the 
pulverulent  metal  is  heated  in  the  open  air  it  is  gradually  oxidized, 
and  finally  converted  into  molybdic  acid.  It  is  also  oxidized  by 
nitric  acid  ;  if  the  metal  be  in  excess,  a  soluble  nitrate  of  the 
binoxide  is  obtained ;  if  the  acid  predominate  the  oxidation  pro- 
ceeds further,  and  molybdic  acid  is  formed ;  aqua  regia  produces 
similar  results.  Molybdenum  is  also  oxidized  when  fused  with 
nitre,  and  molybdate  of  potash  is  produced. 

(691  bis)  Oxides  of  Molybdenum. — Molybdenum  forms  3  oxides ; 
the  protoxide  (MoO),  and  the  deutoxide  (MoOo)  are  both  possessed 
of  basic  characters :  the  third  (M0O3)  is  a  powerful  metallic  acid. 

The  protoxide  (MoO,  eq.  ^6^  is  precipitated  as  a  black  hydrate 
from  the  protochloride  by  means  of  ammonia;  it  is  soluble    in 
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solutions  of  carbonate  of  ammonia^  but  not  in  those  of  the  fixed 
alkalies  or  their  carbonates.  It  may  also  be  obtained  in  the 
anhydrous  form,  by  digesting  molybdic  acid  with  zinc  and  hydro- 
chloric acid. 

The  deutoxide  (M0O2),  eq.  62,)  may  be  prepared  by  igniting  a 
mixture  of  2  parts  of  molybdate  of  soda  and  i  part  of  sal  ammoniac, 
and  digesting  the  mass  in  solution  of  potash,  to  remove  any  unde- 
composed  molybdic  acid.  The  residue  when  well  washed  is  the 
pure  oxide,  which  has  been  reduced  from  molybdic  acid  by  the 
hydrogen  of  the  ammonia.  It  is  of  a  dark  brown  colour,  but  it 
becomes  purple  if  exposed  to  solar  light ;  it  is  nearly  insoluble  in 
acids.  The  hydrated  binoxide  may  be  obtained  by  digesting 
molybdic  acid,  mixed  with  copper  filings,  in  hydrochloric  acid  ; 
an  excess  of  ammonia  precipitates  the  oxide  of  a  rusty  brown 
colour,  whilst  the  copper  is  retained  in  solution.  Hydrated  bin- 
oxide  of  molybdenum  is  soluble  in  pure  water,  but  is  precipitated  by 
the  addition  of  any  salt.  The  solution  gelatinizes  on  keeping.  The 
salts  which  this  oxide  forms  with  acids  are  of  a  reddish-brown 
colour,  or  if  anhydrous,  are  nearly  black.  If  a  solution  of  bichloride 
of  molybdenum  be  added,  drop  by  drop,  to  a  concentrated  solution 
of  bimolybdate  of  ammonia,  a  deep  blue  precipitate  of  molybdate  of 
molybdenum  (M0O2, 4  M0O3)  takes  place.  This  compound  is  soluble 
in  water,  but  is  precipitated  by  the  addition  of  any  saline  body. 
The  addition  of  a  small  quantity  of  a  protosalt  of  tin  to  a  soluble 
molybdate  reduces  it,  and  produces  this  beautiful  blue  compound, 
which  may  serve  as  a  test  of  the  presence  of  molybdic  acid  :  care 
must  be  taken  not  to  add  the  tin  salt  in  excess.  Another  com- 
pound of  the  binoxide  of  molybdenum  with  molybdic  acid 
(M0O2,  2  M0O3)  has  a  green  colour. 

(692)  Molybdic  Acid  (M0O3),  Eq.  70,  is  obtained  in  an  impure 
state  by  roasting  the  sulphide  of  molybdenum  at  a  low  red  heat ; 
it  remains  behind  as  a  dirty  yellow  powder ;  caustic  ammonia 
dissolves  the  acid,  leaving  oxide  of  iron  and  other  impurities. 
The  ammoniacal  solution  crystallizes  on  evaporation,  and  by  a  low 
red  heat  the  ammonia  is  expelled,  leaving  the  acid  behind,  of  a 
pale  buff  colour.  It  reddens  moistened  litmus  paper,  and  is 
sparingly  soluble  in  water,  forming  a  yellow  solution.  At  a  red 
heat  it  fuses  to  a  straw-coloured  glass  of  sp.  gr.  3*49  :  it  undergoes 
volatilization  in  open  vessels,  and  the  acid  is  deposited  on  cool  sur- 
faces in  brilliant  transparent  needles.  No  definite  hydrate  of 
molybdic  acid  is  known.  When  precipitated  from  its  salts  by  the 
addition  of  an  acid,  it  may  be  redissolved,  if  the  acid  be  added  in 
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excess.  It  is  also  freely  soluble  in  cream  of  tartar.  Molybdic 
acid  unites  with  bases,  and  forms  well  characterized  salts,  both 
neutral  and  acid.  Those  of  the  alkalies  are  soluble.  Neutral 
molybdate  of  ammonia  crystallizes  in  colourless  square  prisms. 
An  acid  molybdate  of  ammonia  (2  H4NO,  5  M0O3,  3  aq)  crystal- 
lizes readily  in  six-sided  prisms.  Other  acid  molybdates  of  the 
alkalies  have  been  formed,  which  contain  as  many  as  3, 4,  and  even 
5  equivalents  of  the  acid  to  i  of  base.  Molybdate  of  lead  (PbO, 
M0O3)  occurs  native  in  crystals  of  a  yellow  colour ;  it  is  soluble  in 
nitric  acid,  and  in  solution  of  potash  if  the  alkali  be  in  large  excess. 

Solution  of  molybdate  of  ammonia  may  be  advantageously 
employed  in  certain  cases  to  detect  the  presence  of  very  small 
quantities  of  phosphoric  acid  in  solution.  The  solution  suspected 
to  contain  the  phosphate  must  be  acidulated  with  hydrochloric 
acid,  and  the  molybdate  then  added.  The  liquid  becomes  yellow, 
and  gradually  deposits  a  yellow  crystalline  precipitate,  consist- 
ing of  molybdic  and  phosphoric  acids  in  combination  with  am- 
monia. According  to  Sonnenschein  it  contains  6747  per  cent,  of 
ammonia. 

Sonnenschein  takes  advantage  of  the  insolubility  of  this  salt  to 
detect  small  quantities  of  ammonia  by  its  means.  In  order  to 
prepare  the  test  solution,  he  first  procures  the  yellow  precipitate,  by 
adding  molybdate  of  ammonia  to  an  acidulated  solution  of  phos- 
phate of  soda,  ignites  the  precipitate  to  expel  the  ammonia,  adds 
nitric  acid  to  the  residue,  in  order  completely  to  reoxidize  any 
reduced  molybdic  acid,  evaporates  to  dryness,  and  expels  the 
nitric  acid  by  ignition.  A  solution  of  carbonate  of  soda  is  em- 
ployed to  dissolve  the  remaining  mixture  of  phosphoric  and  molybdic 
acids,  and  the  solution  is  supersaturated  with  hydrochloric  acid. 
This  hquid,  it  is  stated,  will  easily  detect  the  presence  of  i  part 
of  sal  ammoniac  in  10,000  of  water.  Salts  of  soda  are  not  affected 
by  it,  but  strong  solutions  of  the  salts  of  potash  yield  a  similar 
yellow  precipitate. 

(693)  Three  sulphides  of  molybdenum  are  known,  MoSg, 
Mo  S3,  and  M0S4. 

Bisulphide  of  Molybdenum  (M0S2),  Eq.  78;  Sp.  Gr,  4*138. — 
This  sulphide  is  the  principal  ore  of  the  metal :  it  is  unchanged 
by  heat  in  close  vessels,  but  if  roasted  in  the  open  air,  sulphurous 
acid  is  formed  and  is  volatilized,  while  molybdic  acid  remains. 
This  sulphide  may  be  formed  artificially  by  heating  molybdic  acid 
in  the  vapour  of  sulphur. 

The  Ter sulphide  (M0S3,  Eq.  94),  is  precipitated  by  transmitting 
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sulplniretted  hydrogen  through  a  solution  of  a  molybdate^  and  add- 
ing hydrochloric  acid.  It  is  of  a  dark  brown  colour^  and  forms 
sulphur  salts  with  the  sulphides  of  the  alkaline  metals.  The  potash 
salt  crystallizes  in  magnificent  iridescent  crystals  (KS,  M0S3).  The 
quadrisulphide  of  molybdenum  also  combines  readily  with  the 
alkaline  sulphides. 

A  Protochloride  of  Molybdenum  (MoCl,  Eg.  81*5),  is  obtained 
by  dissolving  the  protoxide  in  hydrochloric  acid.  A  bichloride 
(M0CI2)  is  procured  in  deliquescent_,  fusible,  volatile  crystals,  in 
appearance  resembling  those  of  iodine,  by  heating  the  metal  in  a 
current  of  dry  chlorine.  It  is  obtained  in  solution  by  dissolving 
the  deutoxide  in  hydrochloric  acid. 

A  Chloromolybdic  Acid  sublimes  in  yellowish  scales  when  the 
deutoxide  is  heated  in  a  current  of  chlorine.  It  is  soluble  both  in 
water  and  in  alcohol,  and  consists  of  (M0CI3,  2  M0O3),  or  (MoO^Cl). 
Similar  compounds  may  be  formed  with  many  acidifiable  metals, 
such,  for  example,  as  tungsten,  chromium,  and  vanadium. 

(694)  Characters  of  the  Salts  of  Molybdenum  : — 

1.  Little  is  known  of  the  protosalts  of  molybdenum.  They 
yield  a  dark  brown  precipitate  with  the  alkalies  and  their  car- 
bonates ;  the  precipitate  is  soluble  in  excess  of  carbonate  of 
ammonia;  sulphuretted  hydrogen  slowly  produces  a  brown  preci- 
pitate of  hydrated  sulphide  which  is  soluble  in  hydrosulphate  of 
ammonia. 

2.  The  salts  of  the  deutoxide  have  a  dark  colour,  and  a  metallic 
astringent  taste.  Infusion  of  galls  produces  a  brownish-yellow 
solution ;  ferrocyanide  of  potassium  gives  a  dark  brown  precipitate ; 
ammonia  a  rusty  brown  precipitate  of  the  deutoxide. 

3.  The  reactions  of  zinc,  tin,  and  copper,  on  the  molybdates 
are  characteristic.  With  zinc,  in  dilute  acid  solutions,  the  liquid 
becomes  first  blue,  then  green,  and  finally  black,  after  which  the 
addition  of  ammonia  produces  a  deposit  of  protoxide  of  molybde- 
num. The  addition  of  a  small  quantity  of  protochloride  of  tin  in 
solution  to  a  liquid  containing  a  molybdate,  produces  a  beautiful  blue 
molybdate  of  molybdenum  (MoOg,  4  M0O3),  but  care  must  be  taken 
not  to  have  the  tin  salt  in  excess,  or  the  precipitate  becomes  dull 
green.  Copper  filings  in  similar  solutions  reduce  the  molybdic  acid 
to  the  deutoxide,  which  is  precipitated  as  a  brown  hydrate  by 
ammonia. 

Molybdenum  is  usually  estimated  in  the  form  of  the  bisul- 
phide, of  which  100  parts  contain  58*97  of  the  metal. 
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§  V.  Tungsten. 
Symbol,  W;  Equivalent,  92;  Specific  Gravity,  iy6. 

(695)  Tungsten  is  a  metal  found  in  small  quantities  in  the 
form  of  an  acid  combined  with  lime,  in  the  mineral  known  as 
Scheelite  or  tungstate  of  lime  (CaO,  WO3)  :  or  else  in  wolfram  as 
a  tungstate  of  iron  and  manganese  (MnO,  W03)4-3  (FeO,  WO3). 
It  is  easily  obtained  from  the  tungstate  of  lime,  by  digesting  the 
powdered  mineral  in  hydrochloric  acid,  Avhich  combines  with  and 
dissolves  the  lime,  but  leaves  the  insoluble  tungstic  acid  behind : 
from  this  compound  the  metal  itself  is  procured,  by  heating  it  to 
bright  redness  in  a  current  of  hydrogen  gas.  It  is  thus  left  of  a 
dark  grey  colour,  but  it  assumes  a  metallic  lustre  under  the  burn- 
isher. If  the  acid  be  made  into  a  paste  with  oil  and  heated  intensely 
in  a  crucible  lined  with  charcoal  for  some  hours,  tungsten  is  obtained 
as  a  heavy,  iron-grey  metal,  which  is  very  hard,  and  difficult  of 
fusion.  It  may  be  heated  in  the  air  whilst  in  the  compact  state 
without  sensible  change,  but  in  the  pulverulent  form  it  burns 
easily  into  tungstic  acid.  Aqua  regia  and  nitric  acid  convert  it 
into  tungstic  acid,  and  the  same  change  is  produced  by  heating  it 
in  contact  with  the  alkalies  or  with  nitre. 

(696)  Two  oxides  of  tungsten  are  known,  viz.,  a  binoxide 
which  does  not  form  salts  with  acids,  and  an  acid  teroxide. 

The  Binoxide  (WO2)  is  obtained  as  a  brown  powder  by  heating 
tungstic  acid  to  low  redness  in  a  stream  of  hydrogen;  or  in  copper- 
coloured  scales  by  adding  tungstic  acid  to  dilute  hydrochloric  acid 
in  which  some  pieces  of  zinc  have  been  placed.  In  the  latter  form 
it  rapidly  attracts  oxygen  from  the  air  and  dissolves  in  a  solution 
of  potash  with  evolution  of  hydrogen  and  formation  of  tungstate 
of  potash.  Wohler  obtains  it  from  wolfram  by  fusing  i  part  of  this 
mineral  with  2  parts  of  carbonate  of  potash :  the  melted  mass  is 
treated  with  boiling  water,  filtered,  and  mixed  with  a  solution  of 
1 4  part  of  chloride  of  ammonium.  The  solution  is  evaporated  to 
dryness  and  the  residue  ignited.  Upon  treating  the  mass  with 
boiling  water,  the  oxide  of  tungsten  remains  as  a  heavy  black 
powder,  which  must  be  washed,  first  with  a  weak  solution  of  potash, 
and  afterwards  with  water.  The  hydrogen  of  the  ammoniacal 
salt  partially  reduces  the  tungstic  acid  of  the  mineral. 

With  soda  the  oxide  of  tungsten  forms  a  remarkable  com- 
pound of  a  yellow  colour  and  metallic  lustre.  It  crystallizes  in 
cubes,  and  is  not  acted  upon  by  any  acid  or  mixture  of  acids  except 
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the  hydrofluoric ;  the  solutions  of  the  alkalies  are  equally  without 
effect  upon  it.  If  heated  in  the  air  it  is  decomposed  and  partially 
converted  into  tungstate  of  soda.  It  is  obtained  by  heating  the 
bitungstate  of  soda  in  hydrogen  gas :  in  order  to  remove  the  un- 
decomposed  tungstate  of  soda  and  free  tungstic  acid,  the  residue  is 
treated  in  succession  with  water,  hydrochloric  acid,  potash,  and 
again  with  water.      Its  formula  is  NaO  +  3WO2. 

Tungstic  Acid  (WO3 ;  Eq.  1 16;  Sp.  Gr.  6"  12,)  is  obtained  either 
by  the  process  already  described,  from  the  tungstate  of  lime,  or  by 
heating  in  a  current  of  air  the  oxide  of  tungsten  obtained  from  wol- 
fram by  Wohler's  method.  Tungstic  acid  when  anhydrous  is  a  beau* 
tiful  straw-yellow,  tasteless,  insoluble  powder :  it  is  readily  soluble 
in  alkaline  solutions,  from  which  on  the  addition  of  an  acid  it  is 
thrown  down  as  a  hydrate  contaminated  with  the  acid  employed  for 
its  precipitation.  The  tungstates  of  the  alkalies  are  soluble.  Tu7iff^ 
state  of  soda  crystallizes  in  four-sided  tables  (NaO,  WO3,  2  aq). 
The  bitungstate  may  be  obtained  either  anhydrous,  or  crystallized 
with  4  equivalents  of  water  (NaO,  2  WO3,  4  HO).  Tungstate  of 
ammonia  (NH4O,  WO3)  is  easily  obtained  by  digesting  the  acid 
in  excess  of  ammonia  :  it  crystallizes  in  needles,  from  which  by 
ignition  in  open  vessels  the  ammonia  is  expelled,  and  pure  tungstic 
acid  remains  in  the  form  of  the  crystals  of  the  salt.  A  tungstate 
of  tungsten  (WO2,  WO3)  of  a  splendid  blue  colour,  corresponding 
to  the  molybdate  of  molybdenum,  may  be  obtained  by  a  partial 
reduction  of  tungstic  acid,  either  by  hydrogen  gas,  or  by  strongly 
igniting  the  tungstate  of  ammonia  in  close  vessels,  or  by  digesting 
tungstic  acid  with  zinc  and  hydrochloric  or  sulphuric  acid. 

The  most  important  native  ore  of  tungsten  is  wolfram,  which 
is  regarded  as  a  mixture,  in  variable  proportions,  of  tungstates  of 
the  protoxides  of  iron  and  manganese.  Its  specific  gravity  is  very 
high,  being  about  'j'^.  It  was  this  circumstance  that  gave  rise  to 
the  name  tungsten,  the  term  being  a  combination  of  two  Swedish 
words,  implying  "heavy  stone." 

Tungstic  acid  forms  several  classes  of  salts,  all  of  which  except 
the  neutral  tungstates  retain  a  certain  number  of  equivalents  of 
water  which  are  essential  to  the  existence  of  the  salt,  and  which 
cannot  be  replaced  by  a  metallic  base.  Laurent  {Ann.  de  Chimie, 
III.  xxi.  54)  enumerates  no  fewer  than  six  modifications  of  the  acid 
which  require  different  proportions  of  base  to  saturate  them. 
Some  of  these  tungstates  when  mixed  with  nitric  acid  do  not  at 
once  yield  a  precipitate  of  timgstic  acid. 

(697)  Both  with  sulphur  and  with  chlorine,  tungsten  forms 
two  compounds,  corresponding  to  the  deutoxide   of  tungsten  and 
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tungstic  acid.  The  tersulpldde  is  a  strong  sulphur  acid,  and  with 
sulphide  of  potassium  it  forms  an  orange-yellow  crystallizable 
compound. 

Both  the  chlorides  of  this  metal  are  volatile  :  they  are  decom- 
posed by  water  into  hydrochloric  acid  and  the  corresponding 
oxide  of  tungsten. 

An  oxychloride  (WO2  CI)  may  be  obtained  in  yellow  volatile 
crystalline  scales,  by  passing  dry  chlorine  over  the  heated  binoxide 
of  tungsten.      It  is  sometimes  termed  chlorotungstic  acid. 

Bichloride  of  tungsten  absorbs  ammonia,  and  by  a  gentle  heat, 
the  whole  of  the  chlorine  is  expelled  in  the  form  of  sal  ammoniac, 
leaving  a  black  powder  consisting  of  2  WN  +  WH2N.  When 
heated  in  the  air  it  burns,  evolving  ammonia  and  leaving  a  residue 
of  tungstic  acid  (Woliler).      It  is  not  soluble  in  acids. 

(698)  Characters  op  the  Salts  of  Tungsten. — The  com- 
pounds of  this  metal  are  not  poisonous.  The  tungstates  in  solution 
are  colourless.  A  bar  of  tin,  placed  in  their  solution  in  a  vessel 
from  which  air  is  exhausted,  produces  a  deep  violet-coloured 
liquid,  owing  to  the  reduction  of  the  acid  to  a  lower  degree  of  oxida- 
tion. The  addition  of  any  stronger  acid  to  the  tungstates  causes 
the  separation  of  a  yellow  precipitate  of  tungstic  acid  contaminated 
by  the  precipitant.  They  yield  before  the  blowpipe  with  borax,  a 
colourless  transparent  glass,  which  becomes  yellow  in  the  reducing 
flame,  and  blood-red  on  cooling.  With  microcosmic  salt  (5 1 7)  they 
give  a  beautiful  blue  in  the  reducing  flame,  which  becomes  yellow  or 
colourless  in  the  oxidating  flame ;  the  addition  of  a  little  metallic 
tin  to  the  bead  favours  the  production  of  the  blue  colour. 

Tungsten  is  always  estimated  in  the  form  of  tungstic  acid, 
100  grains  of  which  contain  79*32  of  the  metal. 

A  remarkable  similarity  exists  between  the  compounds  of 
tungsten  and  those  of  molybdenum,  and  it  is  worthy  of  note  that 
the  equivalent  number  of  tungsten  is  exactly  double  that  of 
molybdenum,  whilst  its  specific  gravity  is  also  very  nearly  double. 

§  VI.  Vanadium. 
Symbol,  Y ;  Equivalent,  68'45. 

(699)  Vanadium  is  one  of  those  rare  metals  at  present  known 
only  as  chemical  curiosities  ;  it  was  discovered  in  1 830,  by  Sefstrom, 
in  a  Swedish  iron  ore  from  Taberg,  but  its  most  abundant  ore  is 
the  vanadiate  of  lead  which  has  been  found  at  Zimapan  in  Mexico, 
at  Wanlockhead  in  Scotland,  and  more  recently  in  Chili ;  lately 
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Wohler  has  found  vanadium  accompanying  some  of  the  ores  of  ura- 
nium and  iron.  It  is  best  obtained  by  reducing  vanadic  acid  in  a 
covered  porcelain  crucible^  by  means  of  potassium  :  the  reduction 
takes  place  with  vivid  incandescence;  the  potash  is  dissolved  by 
water_,  and  vanadium  is  deposited  as  a  brilliant  metallic  powder. 
By  passing  a  current  of  dry  ammonia  over  heated  chloride  of  vana- 
dium,  the  metal  is  obtained  in  a  coherent  form  with  a  steel  white 
lustre;  it  is  brittle  and  very  infusible.  It  is  readily  dissolved  by  nitric 
acid  and  aqua  regia,  forming  a  fine  blue  solution ;  but  it  is  not 
acted  upon  even  by  boiling  sulphuric,  hydrochloric,  or  hydrofluoric 
acids ;  when  heated  with  the  alkalies  in  close  vessels,  it  undergoes 
no  change. 

(700)  Oxides  of  Vanadium. — This  metal  forms  three  distinct 
compounds  with  oxygen,  VO,  VO2,  and  VO3.  ^he  protoxide  (VO, 
Eq.  76*5)  is  obtained  from  vanadic  acid  by  reducing  it  in  a  stream 
of  hydrogen,  or  by  charcoal  :  it  is  a  black  crystalHne  brittle  mass, 
resembling  graphite  in  appearance,  and  like  it  conducts  electricity. 
It  does  not  combine  either  with  acids  or  with  bases.  If  heated  in 
air  for  some  time  it  absorbs  oxygen,  forming  the  binoxide 
(VO2  Eq.  84'5)  as  a  black  anhydrous  powder,  which  forms  salts 
with  acids;  they  have  a  blue  colour,  and  when  mixed  with  the 
alkalies  furnish  a  grey  hydrate  of  the  binoxide ;  in  this  form 
it  rapidly  absorbs  oxygen  and  becomes  first  brown  and  then 
green.  Binoxide  of  vanadium  appears  also  to  possess  weak  acid 
properties,  as  it  combines  with  bases. 

Vanadic  acid  (VO3  Eq.  92*5)  is  a  powerful  metallic  acid  of  a 
brownish-red  colour;  it  is  sparingly  soluble  in  water,  to  which  it 
communicates  a  yellow  tint;  the  solution  reddens  litmus  strongly.  At 
a  red  heat  it  fuses  without  further  change,  and  crystallizes  on  cool- 
ing, becoming  incandescent  from  evolution  of  latent  heat  in  the  act 
of  solidification.  It  forms  both  neutral  and  acid  salts  :  the  neutral 
salts  when  first  prepared  are  yellow,  but  in  a  few  hours  they  spon- 
taneously become  white.  The  most  important  of  these  salts  is  the 
vanadiate  of  ammonia,  (NH^O,  VO3),  from  which  the  acid  itself  is 
usually  obtained.  Vanadiate  of  ammonia  is  procured  by  putting 
pieces  of  sal  ammoniac  into  a  crude  solution  of  vanadiate  of  potash, 
such  as  is  prepared  by  the  deflagration  of  vanadium  slag  with 
nitre,  after  the  excess  of  alkali  has  been  neutralized  with  hydro- 
chloric acid  :  the  vanadiate  of  ammonia  is  insoluble  in  a  saturated 
solution  of  chloride  of  ammonium,  and  is  gradually  deposited  in 
small  crystalline  grains.  Cold  water  dissolves  it  sparingly,  but  it  is 
much  more  soluble  in  hot  water :  when  heated  in  the  open  air  the 
ammonia  is  expelled,  and  pure  vanadic  acid  is  left.      The   bivana- 
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diate  of  ammonia  yields  crystals  of  an  orange  colour.  If  mixed  with 
tincture  of  galls,  these  salts  give  a  deep  black  liquid,  which  preserves 
its  blackness  even  when  much  diluted :  it  forms  the  best  writing 
ink  yet  known,  as  it  is  not  destroyed  either  by  acids,  which  turn  it 
blue,  or  by  alkalies,  or  by  chlorine. 

Vanadic  acid  appears  to  combine  in  different  proportions  with 
the  inferior  oxides  of  the  metal,  forming  compounds  which  are 
either  of  a  green  or  purple  colour.  It  also  combines  with  many 
acids  in  definite  proportions,  forming  compound  acids  which  often 
crystallize  with  facility. 

The  affinity  of  vanadium  for  sulphur  is  but  small.  It  com- 
bines with  it  in  two  proportions,  VS2,  and  VS3. 

A  Bichloride  of  Vanadium  (VCy  may  be  obtained  of  a  blue 
colour;  and  a  terchloride  (VCI3),  which  is  a  yellow  volatile  liquid, 
is  obtained  by  heating  a  mixture  of  vanadic  acid  and  charcoal,  in 
a  current  of  chlorine.  Bromides,  iodides,  fluorides,  and  cyanides 
of  vanadium  have  also  been  formed. 

(701)  Characters  of  the  Compounds  of  Vanadium. — i.  The 
vanadiates  when  boiled  with  either  alcohol,  or  sugar  and  sulphuric 
acid,  give  a  beautiful  blue  solution  which  distinguishes  them  from  the 
chromates,  which  under  these  circumstances  furnish  a  green  liquid. 
Before  the  blowpipe  with  borax,  the  vanadiates  give  a  green  glass, 
which  beqomes  yellow  in  the  oxidating  flame. 

2.  The  salts  of  the  hinoxide  of  vanadium  give  a  black  colour  with 
tincture  of  galls,  and  a  grey  precipitate  with  the  alkalies,  becoming 
red  by  exposure  to  the  air.  Ferrocyanide  of  potassium  gives  a 
yellow  precipitate  which  becomes  green  when  exposed  to  the  air. 
The  alkaline  sulphides  give  a  brownish-black  precipitate,  readily 
soluble  in  excess,  and  forming  a  magnificent  purple  liquid. 

§  VII.  Antimony. 
Symbol  Sb;  Equivalent  129.      Specific  Gravity,  6"ji^. 

(702)  Antimony  is  a  brilliant  bluish-white  metal,  of  a  flaky, 
crystalline  texture,  and  so  brittle  that  it  may  readily  be  reduced  to 
powder.  It  fuses  at  about  840°  F.,  and  by  slow  cooling  may 
be  obtained  in  rhombohedral  crystals,  which,  according  to  Mits- 
cherlich,  are  isomorphous  with  those  of  arsenic.  The  commercial 
cakes  of  the  metal  exhibit  upon  their  upper  surface  a  beautiful 
penniform  crystalline  structure.  At  a  bright  red  heat  it  is  vola- 
tilized slowly ;  the  operation  is  facilitated  by  transmitting  a  current 
of  hydrogen  over  it.     Antimony  is  an  inferior  conductor  of  heat  and 
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of  electricity.  When  exposed  to  either  a  moist  or  a  dry  air_,  at 
ordinary  temperatures^  it  undergoes  no  change^  but  if  heated  it 
burns  brilliantly^  emitting  copious  white  fumes  which  consist  chiefly 
of  teroxide  of  antimony.  It  is  also  oxidized  by  nitric  acid  and  by 
boiling  sulphuric  acid.  Aqua  regia  dissolves  it  readily.  When 
finely  powdered,  it  is  dissolved  by  strong  hydrochloric  acid  by 
the  aid  of  heat,  with  evolution  of  hydrogen. 

This  metal  is  not  used  alone  in  the  arts,  but  it  enters  into  the 
composition  of  several  valuable  alloys.  Type  metal  is  one  of  these : 
it  is  composed  of  3  or  4  parts  of  lead,  and  i  of  antimony.  Music 
type,  in  addition,  contains  tin ;  and  the  common  white  metal  used 
for  teapots,  under  the  name  of  Britannia  metal,  consists  of  equal 
parts  of  brass,  antimony,  tin,  bismuth,  and  lead.  The  value  of  the 
antimony  in  these  alloys  depends  upon  the  hardness  which  it  com- 
municates to  the  compounds,  without  rendering  them  inconveniently 
brittle,  and  to  the  expansion  which  it  confers  upon  them  in  the 
act  of  solidification,  so  valuable  in  the  case  of  type  metal.  In 
combination  with  bitartrate  of  potash,  oxide  of  antimony  forms  a 
powerful  and  valuable  medicine.  The  teroxide,  when  ground  up 
with  linseed  oil,  furnishes  a  pigment  which  is  employed  to  some 
extent  as  a  substitute  for  white  lead  :  it  is  much  less  injurious  to 
the  health  of  those  who  use  it  than  pigments  which  contain  lead. 

(703)  Extraction  of  Antimony. — Antimony  is  a  tolerably  abun- 
dant substance,  and  is  always  extracted  from  its  sulphide,  though 
it  is  frequently  found  alloyed  with  other  metals,  and  is  sometimes 
met  with  in  the  native  state. 

The  sulphide  of  antimony  usually  occurs  in  a  matrix  of  quartz, 
sulphate  of  baryta,  and  limestone.  The  crude  antimony  of  com- 
merce is  merely  the  sulphide  freed  from  the  greater  part  of  its 
earthy  impurities.  This  purification  is  efi'ected  by  placing  the  ore 
upon  the  bed  of  a  reverberatory  furnace,  covered  with  charcoal 
powder.  The  sulphide  melts,  the  earthy  impurities  float,  and 
the  fluid  portion  is  drawn  off"  into  an  iron  basin,  and  is  afterwards 
cast  into  loaves  or  cakes.  If  it  be  desired  to  extract  the  metal,  the 
sulphide  thus  purified  is  reduced  to  a  coarse  powder,  and  again 
placed  upon  the  bed  of  a  reverberatory  furnace  :  the  tempera- 
ture may  be  gradually  raised  to  dull  redness,  but  must  be  mode- 
rated to  prevent  the  mass  from  entering  into  fusion:  in  about  12 
hours  fumes  cease  to  rise,  most  of  the  sulphur  is  expelled,  and  a 
red  mixture  of  the  oxide  and  sulphide  of  antimony  remains. 
During  this  process  copious  vapours  of  sulphurous  and  arsenious 
acids  are  given  off",  accompanied  by  a  considerable  portion  of  oxide 
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of  antimony.  It  is  stated  that  nearly  20  per  cent,  of  the  metal 
is  lost  during  this  operation.  The  roasted  mass  is  now  mixed  with 
about  i  of  its  weight  of  powdered  charcoal,  made  into  a  paste  with 
a  strong  solution  of  carbonate  of  soda,  and  heated  in  crucibles  to 
bright  redness  ;  the  metal  collects  at  the  bottom ;  above  it  is 
a  scoria  consisting  chiefly  of  a  double  sulphide  of  sodium  and 
antimony.  This  scoria  is  known  in  the  arts  as  the  crocus  of 
antimony.  The  metal  is  remelted  with  the  scoria,  and  is  then  fit 
for  sale.  100  parts  of  sulphide  yield  about  44  parts  of  metallic 
antimony,  so  that  in  the  whole  process  about  f  of  the  antimony 
are  lost. 

On  the  small  scale  the  metal  is  most  easily  procured  by  taking 
4  parts  of  the  powdered  sulphide,  3  of  crude  tartar,  and  i  i  of  nitre, 
mixing  them  intimately,  and  throwing  the  powder  in  small  por- 
tions at  a  time  into  a  crucible  kept  at  a  bright  red  heat.  The 
sulphur  is  oxidized  by  the  nitre,  and  the  metal  melts  aud  collects 
at  the  bottom. 

In  order  to  obtain  antimony  free  from  arsenic,  Wohler  mixes 
intimately  4  parts  of  finely  powdered  commercial  antimony  with  5 
of  nitrate  of  soda,  and  2  of  anhydrous  carbonate  of  soda.  The 
mixture  is  heated  to  redness  in  a  Hessian  crucible,  and  the  antimony 
burns  quietly  at  the  expense  of  the  oxygen  of  the  nitrate.  After  the 
deflagration  is  complete  the  crucible  is  covered,  and  the  mass 
is  kept  for  half  an  hour  at  a  temperature  sufficient  to  soften  but 
not  to  fuse  it,  from  time  to  time  pressing  it  down  with  an  iron 
spatula.  It  is  removed  from  the  crucible  by  means  of  a  spatula, 
whilst  still  in  a  pasty  condition,  then  pulverized  and  thrown  into 
boiling  water:  the  solution  contains  the  arseniate  of  soda,  whilst  the 
greater  part  of  the  antimoniate  of  the  alkali  remains  undissolved, 
and  is  well  washed  with  boiling  water.  From  this  antimoniate  of  soda 
the  metal  is  extracted  by  melting  it  with  half  its  weight  of  tartar. 

The  product  thus  obtained  is  an  alloy  of  antimony  with  potas- 
sium :  it  is  broken  into  small  pieces  and  thrown  into  water;  a  copious 
disengagement  of  hydrogen  takes  place,  the  potassium  is  oxidized 
and  dissolved,  and  the  alloy  falls  to  powder.  It  still  retains  iron, 
and,  perhaps,  lead.  One-third  of  the  mass  is  converted  into  oxide  by 
means  of  nitric  acid ;  this  oxide  is  well  washed  with  water,  dried, 
and  then  incorporated  with  the  powdered  metal ;  the  mass  is 
again  melted  in  a  covered  crucible,  and  pure  antimony  is  obtained 
beneath  a  layer  of  fused  oxide,  which  retains  the  oxides  of  iron 
and  lead. 

(704)  Oxides  of  Antimony. — Antimony  forms  three  well-marked 
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oxides ;  the  first  is  the  most  important_,  as  it  constitutes  the  basis 
of  the  antimonial  salts  employed  in  medicine.  These  oxides  are 
the  teroxide  (often  called  the  sesquioxide),  SbOg,  antimonic  acid, 
SbOg,  and  an  intermediate  compound  of  these  two,  generally  termed 
antimonious  acid  (SbOg,  SbOg). 

Teroxide  of  Antimony  (SbOg),  Eq.  153. — In  the  anhydrous 
state  this  oxide  is  found  crystallized  in  prisms  in  a  rare  mineral 
called  white  antimony  ore,  of  specific  gravity  ^'^6.  The  anhydrous 
oxide  is  best  procured  by  boiling  powdered  metallic  antimony  to 
dryness  in  an  iron  ladle,  with  excess  of  strong  sulphuric  acid ;  an 
insoluble  sulphate  is  formed,  and  sulphurous  acid  is  disengaged. 
To  remove  the  sulphuric  acid,  the  residue  is  treated  with  carbonate 
of  soda  and  is  well  washed :  the  greyish-white  insoluble  powder 
which  remains  is  the  teroxide.  "When  heated  it  assumes  a  yellow 
colour,  but  recovers  its  whiteness  on  cooling.  In  close  vessels  it  is 
fusible ;  at  a  high  temperature  it  may  be  volatilized,  and  the  vapour 
may  be  condensed  in  brilliant  crystalline  needles  isomorphous  with 
the  unusual  form  of  arsenious  acid.  Occasionally  it  crystallizes  in 
octohedra,  like  the  common  variety  of  arsenious  acid.  In  the 
open  air  it  burns  like  tinder,  and  is  converted  into  antimonious 
acid.  Hydrochloric  and  tartaric  acids  dissolve  it  freely.  Nitric 
acid  converts  it  into  one  of  the  higher  oxides  of  antimony.  With 
sulphuric  acid  it  forms  an  insoluble  sulphate.  In  the  hydrated 
state  it  may  be  obtained  by  pouring  a  solution  of  terchloride  of 
antimony  into  a  solution  of  carbonate  of  soda.  In  this  form  it 
is  readily  soluble  in  solutions  of  potash  and  soda ;  but  the  simple 
ebullition  or  evaporation  of  the  liquid  causes  a  separation  of  oxide 
of  antimony  in  prismatic  crystals. 

(705)  Antimonic  Acid  (SbOg)  Eq.  i6g. — This  compound  may 
be  obtained  in  the  anhydrous  form,  by  oxidizing  the  tersulphide 
with  nitric  acid,  and  expelling  the  excess  of  nitric  acid  by  a  heat 
below  redness.  Antimonic  acid  is  of  a  pale  yellow  colour ;  it  is 
tasteless  and  insoluble  in  w  ater.  A  strong  heat  expels  one-fifth  of  its 
oxygen,  and  converts  it  into  the  antimoniate  of  antimony  (SbOg, 
SbOg),  which  is  a  w^hite  powder  often  termed  antiinonious  acid, 
but  which  possesses  no  acid  characters,  for  if  treated  with  bitar- 
trate  of  potash  it  is  dissolved,  tartrate  of  antimony  and  potash 
{tartar-emetic),  being  formed,  and  separating  in  crystals,  whilst  the 
antimonic  acid  is  retained  in  solution. 

Antimonic  acid  forms  definite  compounds  with  the  alkalies  : 
boiling  solution  of  potash  dissolves  it,  and  on  the  addition  of  an 
acid,  the  liquid  deposits  hydrated  antimonic  acid  in  the  form  of  a 
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white  powder  (SbO.-,  4IIO),  which  reddens  litmus,  and  is  freely 
soluble  in  cold  solutions  of  the  alkalies,  and  in  hydrochloric 
acid.  Fremy  states  that  antimouic  acid  may,  like  peroxide  of  tin, 
be  obtained  in  two  modifications,  which  combine  with  different 
amounts  of  base,  and  form  distinct  classes  of  salts  :  to  one  of  these 
modifications  he  gives  the  term  antimonic  acid :  its  neutral  salt 
with  potash  has  the  formula  (KO,  Sb05  +  5  ^^)  •  ^^^  other  modifica- 
tion he  terms  rnet antimonic  acid.  To  the  neutral  potash  salt  of 
this  acid  he  assigns  the  formula  (2KO,  SbO^). 

According  to  Fremy,  antimonic  acid  is  monobasic,  but  it 
is  capable  of  forming  both  acid  and  neutral  salts.  Neutral  anti- 
moniate  of  potash  may  be  procured  by  heating  i  part  of  metallic 
antimony  with  4  parts  of  nitre  in  an  earthen  crucible.  The  white 
mass  so  obtained  is  powdered,  and  washed  with  warm  water,  to  re- 
move the  excess  of  potash  and  nitrite  of  potash.  The  residue  must 
be  boiled  with  water  for  an  hour  or  two ;  the  insoluble  anhydrous 
antimoniate  is  thus  converted  into  a  soluble  modification  with  5 
equivalents  of  water.  The  insoluble  residue  now  consists  chiefly 
of  biantimoniate  of  potash.  The  neutral  salt  possesses  the  pro- 
perty of  freely  dissolving  the  biantimoniate,  which  is  precipitated 
when  such  a  solution  is  mixed  with  any  neutral  salt  of  one  of  the 
alkalies.  The  neutral  antimoniate  does  not  crystallize,  but  forms  a 
gummy  mass,  which  has  an  alkaline  reaction ;  it  is  readily  decom- 
posed by  acids,  depositing  the  biantimoniate.  When  heated  to 
320°  it  loses  2  equivalents  of  water,  and  becomes  insoluble. 

Biantimoniate  of  Potash  (KO,  2Sb05)  is  obtained  by  trans- 
mitting a  current  of  carbonic  acid  through  a  solution  of  the  neutral 
antimoniate.  It  is  soluble  in  a  hot  solution  of  the  neutral  antimo- 
niate, and  is  deposited  in  crystals  as  the  liquid  cools. 

If  antimonic  acid  be  heated  with  oxide  of  lead  it  combines 
with  it  and  yields  a  yellow  compound,  which  is  used  as  a  pigment 
under  the  name  of  Naples  yellow. 

(706)  Metantimonic  Acid  (2  HO,  SbOg ). — This  compound 
derives  its  principal  interest  from  the  circumstance  of  its  yielding 
a  soluble  compound  with  potash,  which  may  be  employed  as  a  test 
for  soda.  The  bimet antimoniate  of  potash  (KO,HO,  Sb05  +  6aq) 
is  the  salt  which  is  used  for  this  purpose.  In  order  to  prepare 
this  compound,  anhydrous  neutral  antimoniate  of  potash  is 
to  be  first  formed  by  deflagrating  antimony  with  nitre,  washing 
and  boiling  the  residue  in  the  manner  already  described,  so  as  to 
bring  the  whole  of  the  neutral  antimoniate  into  solution.  This 
liquid  is  then  to  be  filtered  and  evaporated  to  a  syrupy  consistence 


954  METANTIMONIATES^-HYDRIDE    OF   ANTIMONY. 

in  a  silver  disli;  fragments  of  hydrate  of  potash  are  then  added, 
and  the  evaporation  is  continued  until  a  drop  of  the  liquid  placed 
upon  a  cold  slip  of  glass  begins  to  crystallize ;  it  is  then  allowed  to 
cool,  and  the  alkaline  supernatant  liquid  is  poured  off  the  crystals, 
which  are  allowed  to  drain  upon  a  porous  tile.  When  the  salt  is 
required  as  a  test  for  soda,  30  or  40  grafhs  of  this  residue  are  to  be 
washed  quickly  with  about  twice  their  weight  of  cold  water  and 
allowed  to  subside ;  this  washing  is  to  be  repeated  two  or  three 
times,  in  order  to  remove  traces  of  adhering  potash :  lastly,  a 
little  water  is  to  be  digested  for  a  few  minutes  upon  the  residue, 
and  the  filtered  liquid  may  be  used  to  ascertain  the  presence  of 
soda.  (Pelouze  and  Fremy,  Traite  de  Chimie  Generale,  2me 
ed.  iii.  156.)  The  presence  of  free  potash  impairs  the  delicacy  of 
the  reaction.  One  great  inconvenience  which  attends  the  use  of 
this  reagent  is  the  circumstance,  that  if  the  solution  be  kept  for  a 
few  days,  the  bimetantimoniate  of  potash  passes  spontaneously  into 
the  neutral  antimoniate,  and  this  salt  does  not  precipitate  the 
compounds  of  soda ;  both  salts  contain  exactly  the  same  amount  of 
acid  and  of  base  (KO,  HO,  Sb05)  =  (KO,Sb05  +  HO),  the  difier- 
ence  in  properties  being  due,  there  can  be  little  doubt,  to  difference 
in  the  molecular  constitution  of  the  two  salts.  If  the  solution 
of  bimetantimoniate  be  boiled,  its  conversion  into  neutral  anti- 
moniate is  efiected  in  a  few  minutes.  The  bimetantimoniate  of 
soda  (NaO,  HO,  SbOg,  6  aq.)  is  an  insoluble  salt,  which  crystallizes 
in  octohedra. 

(707)  Antimonuretted  Hydrogen  (HgSb?) — The  composition  of 
this  gas  is  not  known  with  certainty,  as  at  present  it  has  never 
been  obtained  free  from  hydrogen.  It  is  formed  by  dissolving  an 
alloy  of  zinc  and  antimony  in  dilute  sulphuric  acid.  When  any 
salt  of  antimony  is  poured  into  a  mixture  of  zinc  and  sulphuric 
acid  which  is  disengaging  hydrogen,  the  antimonial  salt  becomes 
decomposed ;  part  of  the  antimony  is  deposited  in  the  form  of  a 
black  powder  upon  the  surface  of  the  zinc,  and  part  combines  with  the 
hydrogen,  and  assumes  the  gaseous  state.  It  forms  a  colourless 
gas  which  is  without  any  marked  odour.  When  burned  it  de- 
posits white  fumes  of  oxide  of  antimony,  and  if  transmitted  through 
a  glass  tube,  heated  to  low  redness,  the  gas  is  decomposed,  and 
the  antimony  forms  a  brilliant  metallic  crust  upon  the  heated 
portion  of  the  tube. 

(708)  Sulphides  of  Antimony. — Two .  compounds  of  antimony 
with  sulphur  are  known  ;  the  tersulphide  (SbSg),  and  the  pen- 
tasulphide  (SbSg),  corresponding  to  the  teroxide,  and  to  antimonic 
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acid.  They  are  termed  sulphur  acids  by  Berzelius,  as  they 
combine  with  the  sulphides  of  the  alkaline  metals,  and  form 
definite  salts. 

Tersulphide  of  Antimmiy  (SbSg),  Eq.  177,  >S^.  Gr,  4*6. — This 
substance  constitutes  the  only  ore  from  which  the  metal  is  ob- 
tained. This  native  sulphffie  is  usually  found  in  granite  or  slate 
rocks,  and  generally  contains  lead  and  arsenic,  besides  a  variable 
amount  of  pyrites.  It  occurs  crystallized  in  4-sided  prisms,  which 
have  a  bluish-black  colour,  and  a  strong  metallic  lustre.  It  is 
friable,  and  melts  below  a  red  heat,  crystallizing  as  it  cools.  It 
may  be  distilled  unchanged  in  close  vessels,  at  a  very  high  tem- 
perature, but  by  roasting  in  the  open  air  it  is  converted  into  a 
fusible  mixture  of  teroxide  and  tersulphide  of  antimony.  This 
oxysulphide  when  fused  forms  the  commercial  gldss  of  antimony, 
which  contains  about  8  parts  of  the  oxide  of  antimony  to  i  of  sul- 
phide. If  the  oxide  be  in  excess,  the  glass  is  transparent,  and  of 
a  fine  red  colour :  the  greater  the  proportion  qf  the  sulphide,  the 
darker  is  the  tint.  The  glass  attacks  the  silica  of  the  crucible  in 
which  the  fusion  is  performed,  and  dissolves  a  considerable  portion 
of  it.  A  native  oxysulphide  of  antimony  occurs  crystallized  in 
oblique  rhombic  prisms  (SbOg  +  2  SbSg)  :  it  has  received  the 
name  of  red  antimony  ore. 

TJie  tersulphide  of  antimony  may  be  obtained  in  crystals  by 
melting  together,  at  a  red  heat,  a  mixture  of  sulphur  and  teroxide 
of  antimony ;  sulphurous  acid  escapes,  and  the  tersulphide  is 
formed,  thus:  2  (SbOg) -f  9S  =  2(SbS3) +3SO2. 

The  tersulphide  may  also  be  obtained  as  a  hydrate  of  a  beautiful 
orange  colour,  by  transmitting  sulphuretted  hydrogen  through  a 
solution  of  any  salt  of  the  metal :  it  parts  with  its  water  on  being 
heated,  and*  then  assumes  a  dark  metallic  appearance,  resembling 
that  of  the  native  sulphide.  The  sulphide,  whether  artificial  or 
native,  is  dissolved  by  hot  hydrochloric  acid,  and  furnishes  a 
convenient  source  of  pure  sulphuretted  hydrogen,  provided  that 
the  gas  be  washed,  to  free  it  from  traces  of  antimony  and  hydro- 
chloric acid,  which  it  is  apt  to  retain  in  suspension. 

Tersulphide  of  antimony  is  readily  soluble  in  the  sulphides  of 
the  alkaline  metals,  and  forms  colourless  compounds  ;  a  hot  solution 
of  the  allvaline  sulphide  can  dissolve  much  more  of  the  sulphide  of 
antimony  than  it  can  retain  when  cold  ;  on  the  addition  of  an  acid 
the  alkaline  sulphide  is  decomposed,  and  the  sulphide  of  antimony 
is  reprecipitated.  If  sulphide  of  antimony  be  boiled  with  carbo- 
nate of  potash,  or  with   caustic  potash,  it  is  dissolved  ;  the  filtered 
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liquid  on  cooling  deposits  a  reddish-brown  substance,  known  as 
kermes  mineral.  This  substance  is  not  a  definite  compound,  but  is 
a  variable  mixture  of  sulphide  and  oxide  of  antimony,  the  latter 
being  combined  with  a  small  portion  of  the  alkali.  The  action  of 
carbonate  of  potash  on  the  sulphide  is  represented  in  the  following 
equation  : — 

6  (KO,C02)+3  (SbS3)=3  (KO,  2  002)4-3X8  +  2  SbSg,  SbOg. 

In  this  mixture  of  SbSg,  and  SbOg,  H.  Rose  found  crystals  of  oxide 
of  antimony,  which  were  visible  by  the  aid  of  the  microscope. 
Bitartrate  of  potash,  or  dilute  hydrochloric  acid,  dissolves  out  the 
oxide,  leaving  the  sulphide.  If  to  the  liquid,  after  deposition  of 
the  kermes,  hydrochloric  acid  be  added,  effervescence  takes  place, 
with  escape  of  sulphuretted  hydrogen,  owing  to  the  decomposition  of 
sulphide  of  potassium,  and  the  excess  of  sulphide  of  antimony 
which  it  retained  is  precipitated  as  \\\e  golden  sulphide  of  antimony. 
This  sulphide  contains  a  larger  proportion  of  sulphur  than  the 
tersulphide,  from  the  gradual  oxidation  of  the  antimony  in  the 
solution  before  the  precipitation  is  effected. 

Pentasulphide  of  Antimony,  (SbSg,  Eq.  209)  or  Sulphantimonic 
Acid  as  this  compound  is  often  termed,  may  be  obtained  by 
transmitting  a  current  of  sulphuretted  hydrogen  through  an  acid 
solution  of  perchloride  of  antimony.  It  forms  an  orange-yellow 
precipitate,  which  is  remarkable  for  the  facility  with  which  it  com- 
bines with  the  alkaline  sulphides.  The  tribasic  sulphantimoniate 
of  sodium  (3  NaS,  SbSg+iS  aq.),  or  Schlippe^s  salt,  crystallizes 
in  large  and  very  brilliant  transparent  tetrahedra.  It  may 
be  obtained  in  various  ways  :  the  easiest  plan  consists  in 
thoroughly  mixing  18  parts  of  finely  powdered  tersulphide  of 
antimony,  1 2  of  dried  carbonate  of  soda,  13  of  quick  lime,  and 
3I  of  sulphur ;  the  mixture  is  ground  up  with  water,  and  placed 
in  a  well-closed  bottle,  which  is  completely  filled  with  water ;  it 
is  allowed  to  digest,  with  frequent  agitation,  for  24  hours  ;  the 
clear  liquid  is  filtered  off,  and  allowed  to  evaporate  spontaneously 
in  a  closed  vessel  over  sulphuric  acid.  This  salt  when  mixed  with 
an  acid  deposits  pure  pentasulphide  of  antimony. 

(709)  Chlorides  of  Antimony. — Antimony  forms  two  chlo- 
rides, SbClg  and  SbClgj  they  correspond  in  composition  with  the 
oxides  and  sulphides. 

Terchloride  of  Antimony  (SbClg),  Eq.  235*5. — This  substance, 
from  its  ready  fusibility,  was  known  under  the  name  of  butter  of 
antimony ;  it  may  be  obtained  in  the  anhydrous  form  by  distilling  8 
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parts  of  aa  intimate  mixture  of  8  parts  of  corrosive  sublimate  with 
3  of  powdered  metallic  antimony ;  it  passes  over  in  the  form  of  a 
volatile,  fusible,  crystallizable  compound,  which  is  deliquescent, 
and  powerfully  corrosive  in  its  action  on  animal  tissues ;  calomel, 
terchloride  of  antimony,  and  an  amalgam  of  antimony  are  formed  ; 
2  Sb  +  4  HgCl  =  SbClg  +  SbHg2  +  HgaCl.  Terchloride  of  antimony 
may  be  more  cheaply  prepared  by  mixing  sul[)hate  of  antimony  with 
twice  its  weight  of  chloride  of  sodium,  and  then  distilling  the  mix- 
ture. It  may  also  be  obtained  by  distilling  the  residue  left  on  dis- 
solving sulphide  of  antimony  in  hydrochloric  acid.  The  terchloride 
of  antimony  is  soluble  in  hydrochloric  acid,  and  in  a  small  quantity 
of  water ;  but  if  thrown  into  a  large  mass  of  water  an  insoluble  oxy- 
chloride  falls,  which  gradually  assumes  a  compact  crystalline  form, 
consisting  of  (2  SbOg  +  SbCy ;  it  was  formerly  called  powder  of  alga- 
roth.  On  diluting  a  hot  solution  of  chloride  of  antimony  in  hydro- 
chloric acid  with  hot  water,  it  deposits,  on  cooling,  brilliant  needles, 
which  may  be  represented  as  (SbCl3  +  5  SbOg);  by  heat,  the  chlo- 
ride is  sublimed,  leaving  the  oxide.  Chloride  of  antimony  is  used 
for  bronzing  gun-barrels,  in  order  to  prevent  them  from  rusting. 

Per  chloride  of  Antimony  (SbClg,  Eq.  306  "5)  is  prepared  by  ex- 
posing powdered  antimony,  gently  heated  in  a  retort,  to  a  current 
of  dry  chlorine  in  excess.  It  forms  a  volatile,  colourless  liquid, 
which  emits  suffocating  white  fumes  when  exposed  to  the  air. 
With  a  small  quantity  of  water  it  forms  white  deliquescent  crystals; 
but  it  is  decomposed  by  a  large  quantity  of  water,  and  antimonic 
acid,  which  retains  a  little  hydrochloric  acid,  is  deposited.  Dry 
perchloride  of  antimony  absorbs  sulphuretted  hydrogen,  and  forms 
with  it  a  white  crystalline  fusible  solid  (SbClgSg)  which  corresponds 
in  composition  to  the  chlorosulphide  of  phosphorus. 

(710)  Characters  of  the  Compounds  of  Antimony. — Ac- 
cording to  M.  Peligot  {Ann.  de  Chimie,  III.,  xx.  297)  teroxide  of 
antimony  forms  salts  which  contain  i,  2,  or  4  equivalents  of  acid. 
Most  of  them  when  largely  diluted  with  water  become  milky  from 
the  deposition  of  a  subsalt  of  sparing  solubility,  but  this  milkiness 
disappears  on  the  addition  of  tartaric  acid,  or  of  bitartrate  of  potash. 
They  are  all  of  them  colourless,  and  when  taken  internally  in  large 
doses,  produce  poisonous  effects.  Infusion  of  cinchona  bark  yields 
a  copious  insoluble  precipitate  with  antimonial  salts,  and  it  has 
been  recommended  to  exhibit  this  medicine  in  cases  of  poisoning 
with  antimony :  it  is  not  however  to  be  relied  on. 

The  characteristic  reaction  of  these  salts  when  in  solution  is  the 
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formation  of  an  orange-coloured  precipitate  of  hydrated  tersulpliide 
of  antimony,  when  acted  on  by  sulphuretted  hydrogen ;  this  pre- 
cipitate is  soluble  in  hydrosulphate  of  ammonia.  For  medico-legal 
purposes  this  sulphide  is  separated  by  filtration,  and  reduced  to  the 
metallic  state  by  heating  it  in  a  current  of  dry  hydrogen  gas ;  sul- 
phuretted hydrogen  is  formed,  and  the  current  of  gas  is  continued 
until  no  more  sulphuretted  hydrogen  is  produced ;  the  tube  may 
then  be  weighed,  and  the  antimony  withdrawn  :  on  again  weighing 
the  tube,  the  difierence  will  give  the  weight  of  the  metal.  Another 
simpler  plan  may  be  adopted,  in  which  antimonuretted  hydrogen  is 
first  prepared,  and  subsequently  decomposed  by  heat.  In  order  to 
effect  this,  the  suspected  liquid,  after  boiling  with  hydrochloric 
acid  and  a  little  chlorate  of  potash,  is  filtered  and  introduced  into 
MarsVs  apparatus ;  the  experiment  is  then  proceeded  with  in  the 
manner  which  will  be  mentioned  when  speaking  of  its  application 
in  testing  for  arsenic  (719). 

(711)  Estimation  of  Antimony. — There  is  considerable  diffi- 
culty in  accurately  determining  the  quantity  of  this  metal.  The 
solution  is  first  acidulated  with  a  mixture  of  hydrochloric  and 
tartaric  acid,  then  subjected  to  a  current  of  sulphuretted  hydrogen, 
and  exposed  for  a  few  hours  in  an  open,  shallow  dish,  at  a  tem- 
perature not  exceeding  100°  F. :  the  excess  of  sulphuretted  hydro- 
gen is  thus  got  rid  of,  and  the  whole  of  the  antimony  is  separated 
as  sulphide,  but  the  weight  of  the  dried  precipitated  sulphide  of 
antimony  cannot  be  relied  upon  as  furnishing  a  correct  datum 
for  estimating  the  metal,  as  it  is  liable  to  contain  a  variable 
excess  of  uncombined  sulphur.  It  must  therefore  be  dried  at  2 1 2°, 
and  a  certain  proportion  of  it  dissolved  in  hot  aqua  regia ;  as  soon 
as  it  is  completely  dissolved,  the  solution  is  mixed  with  a  little 
tartaric  acid ;  and  the  sulphur,  which  has  by  this  means  been  con- 
verted into  sulphmic  acid,  is  precipitated  by  the  addition  of  chloride 
of  barium :  the  sulphur  is  calculated  from  the  weight  of  the  sul- 
phate of  baryta  obtained,  and  deducted  from  the  weight  of  sulphide 
of  antimony  employed;  the  difference  is  estimated  as  antimony. 
Antimony  may  be  separated  by  sulphuretted  hydrogen  from  all 
the  metals  previously  described,  with  the  exception  of  cadmium,  tin, 
tungsten,  and  molybdenum.  Sulphide  of  cadmium  is  not  soluble 
in  hydrosulphate  of  ammonia,  whilst  that  of  antimony  is  soluble ; 
this  liquid  may  therefore  be  employed  to  separate  these  metals. 

The  separation  of  antimony  from  tin  in  a  metallic  alloy  may 
be  effected  with  tolerable  accuracy  by  dissolving  the  alloj^  in  hydro- 
chloric acid,  which  is  to  be  mixed  with  a  small  proportion  of  nitric 
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acid,  iu  order  to  prevent  loss  of  antimony  as  antimonuretted  hydro- 
gen. The  two  metals  are  then  precipitated  together  by  means  of 
metallic  zinc,  and  the  pulverulent  metals  are  weighed.  This  pre- 
cipitate is  redissolved  in  weak  aqua  regia,  and  is  digested  at  a  gentle 
heat  upon  a  bar  of  tin,  which  throws  down  antimony  only.  The 
precipitated  metal  is  collected,  washed,  dried,  and  weighed. 

§  VITI.  Arsenic 
Symbol,  As ;  Equivalent,  75 ;  Sp.  Gr.  from  5.70  to  5*959. 

(712)  Arsenic,  in  various  states  of  combination,  was  known 
to  mankind  before  the  Christian  era.  This  element  presents  many 
analogies  with  phosphorus,  and  it  is  considered  by  several  French 
writers  to  belong  to  the  non-metallic  elements.  It,  however, 
conducts  electricity  with  facility,  and  possesses  a  high  metallic 
lustre. 

Arsenic  generally  occurs  in  the  form  of  an  alloy  with  some 
other  metal,  especially  with  iron,  or  with  cobalt,  nickel,  copper,  or 
tin.  It  is  found  occasionally  in  the  native  state,  and  it  is  sometimes 
met  with  united  with  oxygen  combined  as  arsenic  acid  with  other 
oxides,  constituting  arseniates,  such  as  those  of  iron,  copper,  and 
lead.  More  rarely  it  occurs  united  with  sulphur,  either  as  the  red 
bisulphide  (realgar),  or  as  orpiment,  the  yellow  tersulphide. 

The  greater  part  of  the  arsenic  of  commerce  is  prepared  from 
mispickel,  an  arsenical  sulphide  of  iron,  furnished  abundantly  by 
the  Silesian  mines,  and  from  the  arsenides  of  nickel  and  cobalt, 
which  yield  arsenious  acid  as  a  secondary  product  in  the  ordinary 
process  of  working  these  ores.  The  separation  of  the  arsenic  is 
effected  by  roasting  the  mineral  in  a  manner  similar  to  that  em- 
ployed for  driving  off  sulphur ;  but  the  arsenious  acid  which  is 
produced,  being  less  volatile,  more  valuable,  and  more  deleterious, 
is  condensed  in  large  chambers,  through  which  the  flues  from  the 
furnaces  pass.  The  emptying  of  these  chambers,  which  is  per- 
formed about  once  in  six  weeks,  is  an  operation  attended  with 
danger  to  the  workmen,  from  the  poisonous  and  irritating  nature 
of  the  finely  powdered  arsenious  acid.  In  order  in  some  degree 
to  protect  the  men  whilst  thus  engaged,  they  are  cased  in  leather, 
with  glazed  apertures  for  the  eyes,  and  are  made  to  cover  their 
mouths  and  nostrils  with  damp  cloths,  which  arrest  most  of  the 
acrid  particles.  Much  of  the  acid  obtained  from  these  chambers 
is  in  the  form  of  a  fine  powder  ;  it  is  still  very  impure,  and  it   is 
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therefore  again  sublimed  in  iron  pots^  the  upper  part  of  which  is 
kept  moderately  cool ;  here  it  is  condensed  in  a  transparent,  half- 
fused,  vitreous  mass.  The  lower  portions  only  of  this  subUraate 
are  pure,  and  these  are  sold  as  white  arsenic ;  the  upper  are  either 
resublimed,  or  are  employed  for  the  purpose  of  furnishing  metallic 
arsenic.  In  order  to  obtain  the  metal,  the  sublimed  acid  is 
powdered,  mixed  with  charcoal,  and  heated  in  an  earthen  crucible, 
upon  the  top  of  which  a  second  inverted  crucible  is  luted  and 
screened  from  the  fire  by  means  of  a  perforated  iron  plate.  The 
reduced  metal  is  condensed  in  the  upper  crucible. 

Properties, — Metallic  arsenic,  or  arsenicum,  as  it  might  con- 
veniently be  termed,  has  a  brilliant  dark  steel-grey  lustre  ;  it  is 
very  brittle,  and  is  easily  reduced  to  powder.  When  heated  to 
^^6^  F.,  in  close  vessels,  it  begins  to  volatilize  without  fusing,  and 
crystallizes  indistinctly,  as  it  is  condensed,  in  rhombohedra,  which 
are  isomorphous  with  those  of  antimony.  Its  vapour  is  colourless, 
and  possesses  a  powerful,  oppressive,  alliaceous  odour,  and  a  sp.  gr. 
of  io'6o.  The  metal  may  be  exposed  to  a  dry  air  without  under- 
going change.  If  heated  in  open  vessels  it  absorbs  oxygen, 
burns  with  a  peculiar  bluish  flame,  and  is  converted  into  arsenious 
acid,  which  is  condensed  as  a  white  mealy  powder  upon  cool  bodies 
in  the  neighbourhood.  When  thrown  in  fine  powder  into  chlorine 
gas  it  takes  fire  spontaneously,  and  is  converted  into  chloride  of 
arsenic.  Nitric  acid  easily  oxidizes  the  metal,  and  converts  it  into 
arsenic  acid  :  if  deflagrated  with  nitre,  it  is  converted  into  arseniate 
of  potash.  A  minute  quantity  of  arsenic  is  added  to  lead  to  facili- 
tate its  assuming  the  globular  form  in  the  manufacture  of  shot. 

The  compounds  of  arsenic  with  oxygen  are  two,  arsenious  acid 
(AsOg),  and  arsenic  acid  (AsOg),  no  salifiable  oxide  being  known. 

(713)  Arsenious  Acid  (AsOg,  Eq.  99). — This  compound  is  the 
white  arsenic  of  the  shops.  It  is  prepared  upon  the  large  scale 
during  the  roasting  of  arsenical  ores  in  the  manner  already  de- 
scribed. It  exists  in  two  modifications,  a  vitreous  and  a  crystal- 
line form.  When  purified  by  resublimation  and  freshly  obtained, 
it  is  in  semi-transparent  vitreous  lamellated  masses  ;  but  by  ex- 
posure to  the  air,  it  gradually  becomes  opaque,  and  of  a  yellowish- 
white  colour.  This  change  slowly  advances  from  the  exterior 
towards  the  interior,  so  that  the  mass  is  often  opaque  at  the  sur- 
face whilst  it  remains  transparent  in  the  centre.  Both  varieties  of 
arsenious  acid  are  freely  soluble  in  hot  hydrochloric  acid,  and  as  the 
liquid  cools  the  excess  crystallizes  in  transparent  anhydrous  octo- 
hedra,  consisting  of  uncombined   arsenious   acid;  but   when  the 
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transparent  variety  is  dissolved  in  this  acid,  the  formation  of  each 
crystal  is  marked  by  the  emission  of  a  flash  of  light  which  is  per- 
ceptible in  a  darkened  room.  The  opaque  variety  as  it  crystallizes 
from  its  solution,  exhibits  no  such  phenomenon.  Hot  solution  of 
ammonia  also  freely  dissolves  arsenious  acid,  and  deposits  it  in 
anhydrous  octohedra  of  the  uncombined  acid  on  cooling,  mixed 
with  prismatic  crystals,  which  Mr.  Bloxam  found  to  be  bibasic 
arsenite  of  ammonia.  Guibourt  found  the  opaque  variety  to  have 
a  specific  gravity  of  3*699 ;  it  is  less  dense  than  the  transparent 
form,  the  specific  gravity  of  which  he  states  to  be  ^'J^^^-  The 
two  varieties  also  differ  in  their  solubility :  according  to  M.  Bussy, 
{Comptes  Rendus,  Mai  1847)  water  dissolves  much  less  of  the  opaque 
than  of  the  transparent  acid.  A  cold  saturated  solution  of  the 
vitreous  variety  gradually  deposits  its  excess  of  acid  in  the  opaque 
form,  and  retains  between  2  and  3  per  cent,  in  solution ;  the  liquid 
reddens  litmus.  Mere  grinding  to  a  fine  powder  converts  the  trans- 
parent into  the  opaque  variety,  and  reduces  its  solubility.  Heat^ 
however,  gradually  reconverts  the  opaque  into  the  vitreous  modifica- 
tion, so  that  long-continued  boiling  renders  the  opaque  as  soluble 
as  the  vitreous  form.  It  is  therefore  difficult  to  state  the  precise 
degree  of  solubility  of  either  form  of  the  acid,  as  the  two  varieties 
are  liable  to  be  formed  in  varying  proportion  in  the  course  of  an 
experiment.  The  largest  proportion  which  water  will  dissolve  at 
the  boiling  point  is  between  11  and  12  per  cent. 

Arsenious  acid,  when  heated  to  380°,  softens  and  is  sublimed 
without  fusing,  being  condensed  in  transparent  octohedra  npon 
warm  surfaces,  but  it  occasionally  forms  long  prismatic  needles 
isomorphous  with  those  of  oxide  of  antimony.  Its  vapour  is  without 
odour;  it  is  colourless,  and  of  sp.  gr.  13*85;  it  contains  i  volume 
of  vapour  of  arsenic  and  3  of  oxygen,  condensed  into  i  volume. 

Arsenious  acid  appears  to  be  bibasic;  it  combines  with  potash 
and  soda,  and  forms  with  them  soluble  compounds  which  do  not 
crystallize.  The  arsenites  of  the  earths  (particularly  arsenite  of 
lime)  are  nearly  insoluble  in  water,  but  are  readily  dissolved  by 
acids.  Arsenite  of  potash  has  been  used  medicinally  for  many 
years  under  the  name  of  Fowler's  solution.  Arsenite  of  copper  is 
in  a  commercial  point  of  view  the  most  important  of  these  salts  ; 
it  is  of  a  delicate  and  beautiful  green  colour,  constituting  the  pig- 
ment sold  under  the  name  of  Scheele's  green.  The  Schweinfurth 
green  which  is  also  used  largely  as  a  pigment,  is  a  double  salt  of 
arsenite  and  acetate  of  copper,  3(CuO,  ASO3)  +  (CuO,  C4H3O3),  made 
by  mixing  equal  parts  of  arsenious  acid  and  acetate  of  copper,  in 
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solution  at  a  boiling  temperature,  adding  an  equal  bulk  of  cold 
water,  and  allowing  the  mixture  to  stand  some  days. 

(714)  Arsenic  Acid  (AsO^,  Eq.  115,)  is  obtained  by  treating 
arsenious  acid  with  nitric  acid  in  excess,  and  then  boiling  down  to 
dryness  in  a  platinum  vessel.  A  white,  anhydrous,  somewhat 
deliquescent  mass  remains :  from  its  solution  by  slov/  evaporation, 
arsenic  acid  may  be  obtained  in  hydrated  crystals  which  are  very 
deliquescent.  It  possesses  the  properties  of  a  powerful  acid,  expelling 
the  volatile  acids  from  their  combinations,  and  decomposing  the 
carbonates  with  effervescence.  It  forms  a  series  of  soluble  crystal- 
lizable  salts  with  the  alkalies,  which  present  considerable  interest, 
as  they  are  isomorphous  with  the  tribasic  phosphates.  No 
attempts  to  procure  the  dibasic  and  monobasic  forms  of  arsenic 
acid  have  hitherto  been  successful.  Arsenic  acid  fuses  at  a  high 
heat,  and  then  becomes  decomposed  into  arsenious  acid  and  oxygen. 
If  a  current  of  sulphurous  acid  be  transmitted  through  its  solution, 
the  arsenic  is  reduced  to  the  state  of  arsenious  acid,  whilst  sul- 
phuric acid  is  formed,  ASO5  +  2  S02  =  As03  +  2  SO3. 

By  adding  soda  in  excess  to  arsenic  acid  an  efflorescent  salt 
(3  NaO,  AsOg,  24  aq)  may  be  obtained  on  evaporation,  crystal- 
lized in  prismatic  needles.  If  to  a  hot  solution  of  arsenic  acid 
carbonate  of  soda  be  added  till  effervescence  ceases,  the  salt  which 
is  obtained  on  evaporation  (HO,  2  NaO,  AsOg,  24  aq)  corresponds 
in  form  and  composition  to  the  rhombic  phosphate  of  soda,  though 
more  usually,  it  crystallizes  with  14  equivalents  of  water;  and  by 
adding  to  a  solution  of  this  compound  arsenic  acid  in  excess,  a  de- 
liquescent salt  (2  HO,  NaO,  AsOg,  2  aq)  is  procured,  which  crystal- 
lizes with  difficulty.  The  corresponding  potash  salt  crystallizes  in 
bold,  brilliant,  octohedral  crystals  (2  HO,  KO,  AsO-)  :  it  is  readily 
prepared  by  deflagrating  equal  parts  of  arsenious  acid  and  nitre, 
then  dissolving  the  residue  in  water,  and  allowing  it  to  crystallize. 
All  these  salts  may  be  rendered  anhydrous  by  heat,  but  when 
redissolved,  they  recover  their  basic  water.  A  brick-red  triarseniate 
of  silver  (3  AgO,  AsOg)  is  precipitated  w^hen  any  of  these  salts  in 
solution  is  mixed  with  solution  of  nitrate  of  silver.  It  is  readily 
soluble  in  excess  either  of  nitric  acid  or  of  ammonia,  and  is  cha- 
racteristic as  a  test  of  arsenic  acid. 

{7 '^5)  Sulphides  of  Arsenic — Arsenic  and  sulphur  may  be 
melted  together  in  all  proportions ;  but  they  form  several  well- 
defined  compounds ;  of  these,  the  most  important  are  the  bisul- 
phide, or  realgar,  AsS^ ;  the  tersulphide,  or  orpiment,  AsSg ; 
and  the  pentasulphide  or  sulpharsenic  acid,  AsSg. 

Bisulphide  of  Arsenic,  ox  Realgar  [K^^.^),  Eq.  107;  Sp.  Gr.  ^'^S^. 
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— This  substance  is  occasionally  found  native  in  ruby-red  pris- 
matic crystals  :  it  may  be  prepared  artificially,  by  heating  together 
I  equivalent  of  arsenic  and  2  of  sulphur :  or,  2  equivalents  of 
arsenious  acid  with  7  of  sulphur;  in  the  latter  case  3  equiva- 
lents of  sulphurous  acid  are  expelled,  and  2  equivalents  of  realgar 
are  formed ;  2  AsOa  -+-78  =  2  AsS^  +  3  SO2.  When  heated  in 
closed  vessels,  realgar  melts  and  afterwards  is  sublimed  unchanged. 
The  sublimed  mass  is  hard,  brittle,  transparent,  and  of  a  beautiful 
red  colour.  Caustic  potash  decomposes  it,  leaving  a  brown  subsul- 
phide  of  arsenic  (AsgS)  undissolved.  Realgar  is  one  of  the  ingre- 
dients of  ivhite  Indian  fire,  which  is  often  used  as  a  signal  light : 
it  is  composed  of  a  mixture  of  7  parts  of  sulphur,  2  of  realgar, 
and  24  of  nitre. 

Tersulphide  of  Arsenic  or  Orpiment  (AsSg),  Eq.  123;  Sp.  Gr, 
3*48) . — Orpiment  is  occasionally  found  native  in  crystals  which 
have  the  same  form  as  those  of  realgar — viz.,  the  oblique  rhombic 
prism :  these  crystals  are  flexible ;  they  have  a  yellow  colour  and 
a  brilliant  lustre.  It  may  be  prepared  artificially  by  transmitting 
a  current  of  sulphuretted  hydrogen  through  a  solution,  of  arsenious 
acid,  or  of  any  of  the  arsenites  in  hydrochloric  acid.  It  falls  as  a 
brilliant  yellovv  amorphous  powder.  If  the  solution  be  very  dilute, 
part  of  the  sulphide  is  retained  in  solution,  forming  a  yellow  liquid  ; 
Ijy  exposure  to  the  air  the  excess  of  sulphuretted  hydrogen  escapes, 
and  the  sulphide  is  gradually  and  completely  deposited. 

Tersulphide  of  arsenic  is  insoluble  in  water  and  in  dilute  acids, 
but  it  is  decomposed  by  nitric  acid  and  aqua  regia.  It  fuses 
easily,  and  when  heated  in  air  burns  with  a  pale  blue  flame.  In 
close  vessels  it  is  sublimed  unchanged.  Ammonia  and  the  fixed  al- 
kalies dissolve  it,  and  form  colourless  solutions.  Hydrosulphate 
of  ammonia  and  the  sulphides  of  the  alkaline  metals  in  solution 
also  dissolve  it  easily,  and  form  double  sulphides  which  are  decom- 
posed on  the  addition  of  an  acid.  Orpiment  is  the  colouring 
ingredient  in  the  pigment  called  King's  yellow,  which  is  a  mixture 
of  arsenious  acid  with  this  sulphide. 

Pentasulp hide  of  Arsenic  (AsSg  Eq.  155),  or  SuJpharsenic  acid, 
as  it  is  sometimes  called,  corresponds  in  composition  to  arsenic  acid. 
It  is  prepared  by  transmitting  a  stream  of  sulphuretted  hydrogen 
through  a  solution  of  arsenic  acid  ;  a  yellow  precipitate  resembling 
orpiment  in  appearance,  very  gradually  separates.  Upon  the  ap- 
plication of  heat,  the  pentasulphide  fuses  and  forms  a  reddish- 
yellow  glassy  substance  as  it  cools;  it  may  be  sublimed  in  close 
vessels.  It  is  soluble  in  the  alkalies,  decomposes  the  carbonates 
with  effervescence  if  boiled  with  their  solutions,  and  forms  crystal- 
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lizable  compounds  witli  the  sulpliides  of  tlie  metals  of  the  alkalies 
and  alkaline  earths.  The  sulphur  salt  of  potash  (2  KS_,  AsSg)  may 
be  made  by  transmitting  sulphuretted  hydrogen  through  the 
solution  of  the  diarseniate  of  potash.  When  this  sulphur  salt 
of  arsenic  is  mixed  with  alcohol,  it  undergoes  decomposition, 
and  a  still  higher  sulphide  (AsSjg)  was  obtained  by  Berzelius,  in 
brilliant  yellow  crystalline  scales,  by  evaporating  the  alcoholic 
solution,  after  separating  the  insoluble  portion  by  filtration. 

(716)  Compounds  of  Arsenic  with  Hydrogen.  —  Arsenic 
forms  two  combinations  with  hydrogen;  one  of  these  is  solid  at 
ordinary  temperatures,  and  of  a  chestnut-brown  colour.  Its  com- 
position has  not  been  accurately  determined.  The  other  is  a  gaseous 
body  (HgAs)  of  considerable  importance;  it  corresponds  in  compo- 
sition to  the  gaseous  phosphuretted  hydrogen. 

Terhydride  of  Arsenic  (HgAs),  Eq.  78 ;  Sp.  Gr.  2*695,  com- 
hining  Volume,  4. — Arseniuretted  hydrogen :  this  remarkable  ga- 
seous compound  is  an  exceedingly  poisonous  body ;  it  is  colourless, 
and  has  a  foetid  alliaceous  odour  ;  it  is  sparingly  soluble  in  water,  and 
possesses  neither  acid  nor  alkaline  qualities.  It  consists  of  i 
volume  of  arsenical  vapour,  and  6  of  hydrogen  condensed  into 
4  volumes.  By  a  temperature  of  ■ — 40°  it  is  reducible  to  a  limpid 
colourless  liquid,  which  remains  liquid  at  — 166°  F.  Arseniuretted 
hydrogen  is  inflammable,  and  burns  with  a  bluish-white  flame, 
which  deposits  metallic  arsenic  upon  cold  bodies  introduced  within 
it,  and  arsenious  acid  upon  those  held  above  it.  It  is  also  decom- 
posed when  caused  to  pass  through  tubes  heated  to  a  temperature  a 
little  short  of  redness,  metallic  arsenic  being  deposited  as  a  steel- 
grey  crust,  whilst  hydrogen  gas  escapes.  Chlorine  decomposes  it 
with  flame,  forming  hydrochloric  acid,  and  causing  the  deposition  of 
a  solid  brown  hydride  of  arsenic.  This  gas  is  entirely  absorbed  by 
a  solution  of  sulphate  of  copper,  sulphuric  acid  being  liberated, 
whilst  arsenide  of  copper  is  precipitated.  Nitrate  of  silver  is  also 
decomposed  by  arseniuretted  hydrogen.  Solution  of  corrosive  sub- 
limate likewise  dissolves  it  completely,  a  compound  of  calomel  and 
arsenide  of  mercury  being  formed.  It  is  also  largely  absorbed  by 
oil  of  turpentine,  with  which  it  forms  a  crystalline  compound. 

Pure  arseniuretted  hydrogen  may  be  prepared  by  decomposing 
with  sulphuric  acid  diluted  with  three  parts  of  water,  an  arsenide 
of  zinc,  obtained  by  heating  equal  weights  of  powdered  arsenic 
and  granulated  zinc  in  an  earthen  retort ;  the  fused  mass  is  re- 
moved by  breaking  the  retort,  and  is  subsequently  powdered.  The 
greatest  care  is  required  not  to  inhale  any  portion  of  this  deadly 
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(717)  Ter chloride  of  Arsenic  (AsCy,  Eq.  181.5;  Sp.  Gr.  of 
vapour  6-3. — Only  one  compound  of  arsenic  with  chlorine  is  known. 
It  is  produced  either  by  the  combustion  of  the  metal  in  chlorine, 
or  still  better  by  distilling  a  mixture  of  i  part  of  arsenicum  and  6 
of  corrosive  sublimate ;  it  condenses,  as  a  heavy,  colourless,  oily 
looking  liquid,  which  remains  liquid  at  — 20°  F.,  and  boils  at 
270°  F. ;  it  fumes  when  exposed  to  the  air,  and  is  immediately  de- 
composed by  water  into  arsenious  and  hydrochloric  acids.  The 
Teriodide  of  Arsenic  (ASI3,  Eq.  456),  may  be  prepared  by  subliming 
a  mixture  of  3  parts  of  iodine  and  i  of  the  metal  in  a  flask;  it 
forms  brick-red  brilliant  flakes.  It  may  also  be  obtained  by 
digesting  3  parts  of  powdered  arsenic  and  10  of  iodine  in  100  of 
water ;  the  clear  liquid  yields  red  hydrated  crystals  on  evaporation, 
which  become  anhydrous  when  heated  to  their  fusing  point :  it  is 
soluble  in  alcohol.  A  terhromide  may  be  formed  by  analogous 
means;  it  is  a  crystalline  solid  at  all  temperatures  below  68''  F. 
The  terfluoride  may  be  prepared  by  distilling  5  parts  of  fluor  spar, 
mixed  with  4  of  arsenious  acid  and  10  of  concentrated  sulphuric 
acid.  It  is  a  fuming  colourless  liquid,  wdiich  rapidly  corrodes 
glass,  and  is  decomposed  by  water. 

(718)  Characters  of  the  Compounds  op  Arsenic — Arsenic 
forms,  with  most  of  the  metals,  alloys  which  are  generally  brittle 
and  easily  fusible.  The  compounds  of  this  metal  are  all  highly  poi- 
sonous; the  substance  which  has  the  best  claim  to  be  considered 
as  an  antidote  to  it  is  the  freshly  precipitated  hydrated  oxide  of 
iron,  which  should  be  suspended  in  water,  and  given  freely,  as 
early  as  possible  after  the  exhibition  of  the  poison.  It  is  only 
applicable  when  arsenic  or  arsenious  acids  have  been  taken,  as  it 
forms  an  insoluble  arseniate  of  iron ;  the  arsenious  acid  being  par- 
tially oxidized  by  the  excess  of  hydrated  peroxide,  which  is  thereby 
reduced  to  the  form  of  protoxide  of  iron.  Calcined  magnesia  may 
be  used  if  the  oxide  of  iron  be  not  at  hand.  In  cases  of  arsenical 
poisoning,  putrefaction  of  the  body  after  death  is  retarded  in  a 
remarkable  degree ;  indeed,  in  several  instances  where  the  body 
has  been  disinterred  several  months  after  death,  it  has  been  found 
to  have  been  sufficiently  preserved  from  decay  to  allow  many  of  the 
principal  viscera  to  be  distinguished.  In  these  cases  it  has  not 
unfrequently  happened  that  yellow  patches  of  sulphide  of  arsenic 
have  been  observed  in  various  parts  of  the  alimentary  canal,  although 
it  has  been  ascertained  that  the  poison  had  been  swallowed  in  the 
form  of  arsenious  acid.  These  patches  of  orpiment  are  occasioned 
by  the  disengagement  of  sulphuretted  hydrogen  from  the  decompo- 
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sition  of  the  tissues,  by  whicli  tlie  arsenious  acid  becomes  partially 
converted  into  sulphide  of  the  metal.  *" 

Arsenic  can  be  identified  in  quantities  so  minute  as  to  be 
inappreciable  by  the  balance.  In  minerals  which  contain  it,  its 
presence  is  revealed  by  the  peculiar  garlic  odour  which  it  emits 
when  a  fragment  is  heated  in  the  reducing  flame  with  carbonate  of 
soda  on  charcoal  before  the  blowpipe.  When  in  solution  the 
compounds  of  arsenic  may  be  detected  by  transmitting  through 
the  solution,  acidulated  with  acetic  acid,  a  stream  of  sulphuretted 
hydrogen  for  six  hours  ;  a  yellow  precipitate  is  thus  produced,  which 
must  be  further  examined  as  follows :  the  liquid  must  be  exposed 
to  a  temperature  of  about  100°  F.,  in  a  shallow  vessel  for  six  hours, 
to  allow  the  excess  of  gas  to  escape,  and  the  precipitate  to  subside 
completely ;  the  clear  liquid  must  be  decanted,  and  the  precipitate 
collected  on  a  small  filter.  A  few  drops  of  ammonia  will  dissolve 
it,  and  on  evaporating  this  solution  in  a  watch-glass  by  means  of  a 
water  bath,  the  sulphide  of  arsenic  will  be  left.  This  substance  is 
then  subjected  to  the  process  of  reduction,  by  mixing  it  with  three 
times  its  bulk  of  black  flux,*  previously  well  dried,  and  introducing 
it  into  a  glass  tube  of  the  diameter  of  a  common  quill,  care  being 
taken  not  to  soil  the  sides  of  the  tube.  The  mixture  is  gently 
heated  by  the  small  flame  of  a  spirit  lamp,  and  the  arsenic  is  con- 
densed as  a  brilliant  mirror-like  ring  of  steel-grey  lustre  in  the 
upper  part  of  the  tube.  The  reaction  which  occurs  is  explained 
by  the  following  equation  : — 

AsS3-i-3  (KO,C02)+3C  =  As-f3KS  +  3C02  +  3CO. 

Sulphide  of  cadmium  gives  a  yellow  precipitate  with  sulphu- 
retted hydrogen,  but  it  is  insoluble  in  ammonia :  persalts  of  tin 
also  give  a  yellow  with  sulphuretted  hydrogen,  but  no  metallic 
crust  when  they  are  submitted  to  the  process  of  reduction. 

In  addition  to  the  preceding  tests,  arsenious  acid  may  be 
readily  detected  in  a  neutral  solution  by  the  production  of  a  yellow 
precipitate  with  the  ammonia-nitrate  of  silver.  This  reagent  is 
prepared  by  adding  ammonia  to  a  solution  of  nitrate  of  silver  in 
very  slight  excess,  so  as  nearly,  but  not  entirely  to  redissolve  the 
precipitate  of  oxide  of  silver  which  is  at  first  formed  :  the  clear 
liquid  is  decanted  for  use.  The  yellow  precipitate  is  an  arsenite 
of  silver,  which  is  freely  soluble  both  in  ammonia  and  in  nitric  acid. 
As,  however,  the  tribasic  phosphates  give  a  yellow  precipitate  with 


*  A  mixture  of  carbonate  of  potash  and  charcoal  obtained  by  deflagrating 
equal  weights  of  craa.u  of  tartar  and  nitre  in  a  red-hot  earthen  crucible. 
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ammonia-nitrate  of  silver,  and  this  precipitate  also  is  soluble  both 
in  nitric  acid  and  ammonia,  a  second  test  should  be  tried — viz., 
the  ammonia-sulphate  of  copper,  which  is  prepared  from  a  solution 
of  sulphate  of  copper,  by  the  addition  of  ammonia,  with  the  same 
precautions  as  those  prescribed  for  the  preparation  of  the  silver  test. 
In  neutral  solutions  containing  arsenious  acid,  this  copper  test 
occasions  a  green  precipitate  consisting  of  arsenite  of  copper :  it 
is  soluble  both  in  ammonia  and  in  acids.  The  arsenites  of  silver 
and  of  copper  are  formed  immediately  that  the  tests  are  added ; 
the  sulphide  of  arsenic  does  not  appear  at  first  if  the  quantity  of 
arsenious  acid  be  small,  as  the  compounds  of  arsenic  are  decom- 
posed by  hydrosulphuric  acid  more  slowly  than  those  of  any  other 
metal  which  is  precipitable  by  this  reagent. 

(719)  Search  for  Arsenic  in  Organic  Mixtures. — In  the  greater 
number  of  cases,  however,  where  the  search  for  arsenic  becomes  im- 
portant, it  is  mixed  with  articles  of  diet,  with  the  contents  of  the 
stomach,  or  with  other  matters  of  organic  origin,  which  render  pre- 
liminary measures  needful  in  order  to  get  rid  of  them.  If  the  sub- 
stance be  in  the  liquid  form,  any  sediment  which  it  may  contain 
must  be  examined  for  solid  particles  of  undissolved  arsenious  acid, 
which  are  frequently  found,  and  to  which  the  preceding  tests  are 
readily  applied.  If  any  solid  particles  of  arsenious  acid  be  found, 
their  reduction  is  easily  effected  by  drawing  off  a  tube  to  the  thick- 
ness of  a  crowquill,  sealing  one  end,  dropping  in  the  suspected 
fragment,  adding  a  minute  quantity  of  dried  carbonate  of  soda,  and 
then  a  few  small  fragments  of  charcoal ;  upon  ignition,  the  metal  is 
sublimed,  and  is  recognised  by  the  steel-grey  ring  which  it  forms  in 
the  cool  portion  of  the  tube.  If  no  solid  particles  of  the  acid  be 
visible,  the  liquid  is  boiled  and  filtered  and  divided  into  three 
portions,  one  of  which  is  set  aside  in  case  of  accident. 

A  second  portion  is  submitted  to  Reinsch's  test ;  it  is  for  this 
purpose  acidulated  with  hydrochloric  acid,  and  boiled  Avith  bright 
slips  of  copper  foil  for  half  an  hour.  If  any  arsenical  compound 
be  present,  the  metal  will  be  reduced  upon  the  surface  of  the 
copper  foil.  The  copper  is  then  Avithdrawn  from  the  liquid,  washed, 
dried  at  212°,  and  introduced  into  a  narrow  glass  tube  (about 
the  diameter  of  a  quill),  and  is  then  heated  nearly  to  redness ;  the 
arsenic  combines  with  oxygen  derived  from  the  air  in  the  tube,  and 
is  condensed  in  beautiful  transparent  octohedra  of  arsenious  acid 
on  the  cool  part  of  the  tube.  The  same  experiment  must  be  first 
tried  with  the  cojoper  and  hydrochloric  acid  employed  alone,  in 
order  to  ascertain  their  purity,  before  employing  them  as  tests. 

The    third    portion   of    the    liquid    is   subjected    to  Marsh's 
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test :  the  application  of  this  test  depends  upon  the  formation  of 
arse niu retted  hydrogen^  and  the  subsequent  deposition  of  arsenic 
from  it  by  suitable  application  of  heat. 

A  wide-mouthed  bottle, 
Fia.  308.  A,  fig.  308,   of  about   6  oz. 

capacity,  is  charged  with  a 
little  pure  granulated  zinc; 
through    the    cork    a   tube 
funnel  is  passed  to  within  an 
inch  of  the  bottom ;  a  wider 
tube,    b,   bent    to    a    right 
angle  passes  just  through  the 
cork,   the   outer    horizontal 
limb   being  loosely  plugged 
wdth  asbestos  or  cotton  to  ar- 
rest any  particles  of  liquid 
which  might  be  carried  up  by 
the  effervescence  ;  it  is  pro- 
longed by  fitting  into  it  with 
a  cork,  a  piece  of  German 
tube,  c,  free  from  lead.  Some 
distilled  water  is  next  intro- 
duced by  the  funnel,  and  a  little  pure  sulphuric  acid  added  to  cause 
a  steady  evolution  of  hydrogen.     When  all  the  atmospheric  air  is 
expelled,  the  flame  of  a  spirit  lamp  is  placed  under  the  middle  of 
the  narrow  tube  :  if  after  ten  minutes,  the  temperature  of  the  glass 
being  near  a  red  heat,  no  indications  of  any  metallic  deposit  show 
themselves,  the  materials  used  are  sufficiently  pure.      Whilst  the 
heat  is  still  maintained,  the  suspected  liquid  is  to  be  poured  through 
the  funnel  into  the  bottle ;  if  arsenic  be  present,  immediate  voltaic 
decomposition  ensues,  the  arsenic  combines  with  the  nascent  hydro- 
gen ;  arseniuretted  hydrogen  is  formed,  and  the  gas  is  decomposed 
as  it  passes  through  the  heated  tube ;  the  metal  being  deposited  in 
the  form  of  a  steel-grey  ring  just  beyond  the  spot  where  the  heat 
is  applied.      If  the  fine  tube  previous  to  the  experiment  had  been 
drawn  out  to  a  capillary  termination,  the  gas  may  be  examined  as  it 
escapes.      It  burns  with  the  peculiar  flame  of  arsenic  if  the  quantity 
be  at  all  considerable,  and  if  a  piece  of  cold  white  porcelain  such  as 
a  crucible  lid,  d,  be  introduced  into  the  burning  jet,  the  more  com- 
bustible hydrogen  is  burned,  and  a  brown  or  grey  mirror,  like  spots 
of  reduced  arsenic,  may  be  obtained  upon  the  cold  plate.      Tartar 
emetic,    if    present,    would,    however,    produce    antimoniuretted 
hydrogen,  which,  by  its  decomposition,  would  give  rise  to  appear- 
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ances  on  the  tube  and  on  the  porcelain  resembling  those  of  arsenic. 
The  antimonial  spots  immediately  disappear  when  a  drop  of  hydro- 
sulphate  of  ammonia,  in  which  a  little  sulphur  is  dissolved,  is  added, 
and  the  solution,  by  its  spontaneous  evaporation,  leaves  the 
orange  hydrated  sulphide  of  antimony ;  but  the  arsenical  crusts  are 
scarcely  acted  on  by  the  hydrosulphate  (Dr.  Guy)  :  a  drop  of  a  dilute 
solution  of  chloride  of  lime,  on  the  other  hand,  immediately  removes 
the  arsenical  spot,  but  is  without  action  on  that  produced  by  anti- 
mony. The  chief  practical  difficulty  in  the  use  of  Marsh's  test, 
arises  from  the  inconvenient  way  in  which  liquids  containing  organic 
matter  frequently  froth  up  during  the  operation.  The  best  method 
of  preventing  this  consists  in  first  boiling  the  suspected  liquid  with 
about  a  tenth  of  its  bulk  of  hydrochloric  acid,  and  adding  a  small 
quantity  of  chlorate  of  potash  :  the  organic  matter  is  thus  destroyed, 
and  after  the  liquid  has  become  cool,  it  may  be  safely  added  to 
the  zinc  and  sulphuric  acid  in  the  apparatus.  Marsh's  test  is 
one  of  extraordinary  delicacy,  and  the  results  are  easily  and  quickly 
attained.  The  process  by  sulphuretted  hydrogen  and  subsequent 
reduction  is  also  extremely  delicate,  and  open  to  no  objection  except 
the  length  of  time  required.  Reinsch's  test  is  easy  of  application, 
but  is  not  quite  so  delicate  as  the  other  two.  The  arsenical  crusts 
deposited  in  the  glass  tube,  are  readily  sublimed  by  a  gentle  heat, 
and  may  be  converted  into  arsenious  acid,  which  forms  brilliant 
minute  octohedral  crystals,  and  these  again  may  be  subjected  to 
the  test  of  the  ammonia-nitrate  of  silver. 

Although  it  may  not  be  possible  to  detect  arsenic  in  the  fluids 
submitted  to  examination,  it  not  unfrequently  happens  that  the 
coats  of  the  stomach,  and  sometimes  the  liver,  will  yet  contain  the 
poison  in  sufficient  quantity  to  render  its  identification  practicable. 
The  best  mode  of  proceeding  in  this  case  consists  in  cutting  up  the 
organ  into  shreds,  heating  it  with  an  equal  weight  of  hydrochloric 
acid,  the  mixture  being  diluted  with  water  till  it  becomes  of  the 
consistence  of  a  thin  paste.  Small  portions  of  chlorate  of  potash 
are  added  from  time  to  time  until  a  homogeneous  yellow  liquid  is 
obtained ;  when  cold  it  is  filtered  through  linen,  the  residue  well 
washed,  and  the  clear  liquid  is  concentrated  by  evaporation  (Frese- 
nius  and  Babo).  It  is  then  fit  for  trial  in  Marsh's  apparatus.  Many 
other  tests  have  been  proposed,  but  they  are  superfluous,  and  only 
tend  to  introduce  an  unnecessary  complication  into  the  subject. 

(720)  Estimation  of  Arsenic. — It  is  not  easy  to  ascertain 
accurately  the  quantity  of  arsenic  present  in  a  compound  by  an 
analysis ;  the  best  plan  is  one  similar  to  that  already  directed  to  be 
adopted  in  the  case  of  the  quantitative  determination  of  antimony. 
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The  metal  should  be  precipitated  in  the  form  of  a  sulphide ; 
the  precipitate  should  be  collected  on  a  weighed  filter^  dried  at 
312°,  and  weighed.  A  given  weight  of  the  sulphide  is  then  to  be 
oxidized  by  means  of  fuming  nitric  acid ;  and  when  it  is  com- 
pletely dissolved,  the  sulphur  is  to  be  precipitated  as  sulphate  of 
baryta.  From  the  weight  of  this  precipitate  the  quantity  of  sul- 
phur is  calculated,  and  deducted  from  the  total  amount  of  sulphide 
of  arsenic ;  the  difference  gives  the  amount  of  the  metal.  The 
sulphide  ahvays  contains  a  variable  quantity  of  free  sulphur,  and 
hence  this  method  becomes  necessary.  Before  it  can  be  adopted, 
the  absence  of  all  other  metals  in  the  sulphide  must,  of  course,  be 
ascertained.  By  means  of  sulphuretted  hydrogen  and  the  subse- 
quent solution  of  the  sulphide  in  hydrosulphate  of  ammonia, 
arsenic  is  easily  separated  from  all  the  foregoing  metals,  with  the 
exception  of  those  which  form  soluble  compounds  with  the  alkaline 
sulphides.  Its  exact  separation  from  tin  and  antimony  is  a  difficult 
problem,  which  has  not  as  yet  been  solved  in  a  satisfactory  manner. 

§  IX.  Tellurium. 
Symbol,  Te;  Equivalent j  64;  Specific  Gravity,  6*65. 

(721)  Tellurium  is  by  most  English  writers  on  chemistry 
classed  amongst  the  metals.  It  however  presents  a  close  analogy 
with  sulphur  and  selenium,  though  it  possesses  a  high  metallic 
lustre,  and  resembles  bismuth  in  colour.  It  fuses  between  800° 
and  900°  F.,  and  at  a  high  temperature  it  may  be  distilled.  The 
latter  operation  is  best  conducted  by  heating  the  tellurium  very 
strongly  in  a  porcelain  tube,  and  transmitting  a  current  of  dry 
hydrogen  gas  over  it ;  the  vapour  of  tellurium  is  thus  mechanically 
carried  forward,  and  it  is  condensed  in  drops  and  in  flexible  crys- 
talline needles  in  the  cooler  parts  of  the  apparatus.  According 
to  Mitscherlich,  tellurium  when  solidified  after  fusion,  possesses  a 
rhombohedral  cleavage,  a  circumstance  which  appears  to  indicate 
its  isomorphism  with  arsenic  and  antimony.  Tellurium  is  a  bad 
conductor  of  heat  and  electricity.  When  heated  strongly  in  the 
air  it  takes  fire,  burns  with  a  blue  flame  edged  with  green,  and 
emits  a  peculiar  characteristic  odour,  whilst  thick  white  fumes  of 
tellurous  acid  are  produced.  Like  sulphur  and  selenium,  tellurium 
is  soluble  in  cold  concentrated  sulphuric  acid,  to  which  it  gives 
a  fine  purple-red  colour ;  on  dilution  it  is  precipitated  unchanged. 

Tellurium  is  a  rare  substance  found  chiefly  in  the  mines  of 
Hungary  and  Transylvania,  occasionally  native  and  nearly  pure, 
but  generally  combined  with  various  metals,  such  as  gold,  silver, 
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bismuth_,  copper,  or  lead ;  it  is  usually  also  accompanied  by  small 
quantities  of  arsenic  and  selenium.  Its  most  common  ore  is  the 
black  foliated  tellurium  ore  of  Nagyag,  which  contains  about  1 3  per 
cent,  of  tellurium  in  the  form  of  tellurides  of  gold,  lead,  and  silver, 
mixed  with  sulphides  of  antimony  and  lead.  The  process  of  its  puri- 
fication is  tedious  and  difficult ;  for  particulars  the  reader  is  referred 
to  i\\Q  Lehi'buch  of  Berzelius  (German  Edition,  1844,  vol.  ii.  p.  229). 
Tellurium  forms  two  oxides,  both  possessed  of  feeble  acid  characters. 
They  correspond  in  composition  to  sulphurous  and  sulphuric  acid. 

(722)  Tellurous  Acid  (TeO^)  Eq.  80. — Tellurium  is  readily 
dissolved  by  nitric  acid  of  specific  gravity  J '25.  If  the  solution 
be  poured  into  water  immediately,  a  white  bulky  hydrated  tellu- 
rous acid  subsides.  It  is  slightly  soluble  in  water,  reddens  litmus, 
and  combines  with  the  alkaline  bases ;  these  compounds  are  soluble. 
Tellurous  acid  has  a  bitter  metallic  taste :  it  may  be  obtained  in 
the  anhydrous  form,  by  gently  heating  the  hydrate,  or  by  boiling 
the  nitric  acid  solution,  when  it  is  deposited  in  crystalline  needles, 
which  are  very  slightly  soluble  in  water.  The  anhydrous  acid 
fuses  easily,  forming  a  transparent  glass,  which  is  yellow  while  hot, 
but  becomes  white  and  crystalline  on  cooling.  Tellurous  acid 
possesses  considerable  volatility  :  if  fused  with  potash  it  combines 
with  it.  It  also  combines  with  the  acids  like  many  of  the  metallic 
oxides  which  have  acid  properties.  These  salts  have  a  metallic 
taste,  and  are  said  to  act  powerfully  as  emetics.  Its  acid  cha- 
racter is  very  feeble,  and  its  basic  property  is  not  more  strongly 
marked  :  its  salts  with  oxalic  and  tartaric  acid  are  soluble.  All  the 
soluble  salts  in  which  this  oxide  acts  as  a  base  are  deoomposed  if 
mixed  with  hydrochloric  acid,  and  heated  with  sulphurous  acid  : 
reduced  tellurium  is  precipitated  under  these  circumstances.  With 
sulphuretted  hydrogen  a  black  sulphide  of  tellurium  is  produced. 

Telluric  Acid(TeO^,Eq.  88)  is  obtained  by  gently  heating  tellu- 
rium or  tellurous  acid  with  nitre.  A  tellurate  of  potash  is  formed, 
from  which  the  acid  is  transferred  to  baryta,  and  the  baryta  is  sepa- 
rated by  sulphuric  acid.  It  crystallizes  in  striated  hexagonal  prisms, 
which  have  a  nauseous  metallic  taste;  they  exert  but  a  feeble 
action  on  litmus.  These  crystals  are  composed  of  Tefi^,  3  HO.  If 
heated  nearly  to  redness  they  become  anhydrous,  and  then  assume 
an  orange-yellow  colour.  In  this  form  telluric  acid  is  completely 
insoluble  in  water,  or  in  nitric  or  hydrochloric  acids,  or  in  alkaline 
solutions.  Telluric  acid  has  but  a  feeble  affinity  for  bases,  but  it 
forms  salts  which  contain  i,  2,  and  4  equivalents  of  the  acid. 
When  the  acid  or  any  of  its  salts  are  heated  to  redness,  tellurous 
acid  is  formed  under  disengagement  of  oxygen. 
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Two  chlorides,  TeCl^  and  TeClg,  have  been  obtained ;  both  are 
volatile ;  they  are  decomposed  by  a  large  quantity  of  water. 

(723)  Telluretted  Hydrogen  (TeH),  Eq.  6^  ;  Sp.  Gr.  4*489  ; 
combining  Volume  1. — The  most  interesting  compound  of  tellurium 
is  that  which  it  forms  with  hydrogen.  It  is  a  gaseous  body  analo- 
gous to  sulphuretted  hydrogen,  and  is  possessed  of  weak  acid  pro- 
perties. It  may  be  obtained  by  decomposing  the  alloy  of  tellurium 
with  zinc  or  tin,  by  means  of  hydrochloric  acid.  The  gas  which 
escapes  reddens  litmus,  and  has  an  odour  which  cannot  be  distin- 
guished from  that  of  sulphuretted  hydrogen :  with  water  it  forms 
a  colourless  solution,  which  becomes  brown  by  exposure  to  the  air, 
owing  to  the  oxidation  of  the  hydrogen  and  separation  of  tellurium. 
Telluretted  hydrogen  precipitates  most  of  the  metals  from  their  solu- 
tions in  the  form  of  tellurides,  which  have  a  close  analogy  with  the 
corresponding  sulphides.  The  alkaline  tellurides  are  soluble  in  water. 
Telluretted  hydrogen  burns  with  a  blue  flame. 

(724)  Characters  of  the  Compounds  of  Tellurium. — Tellu- 
rium is  thrown  down  from  its  solutions,  in  the  reduced  form  by  zinc 
or  iron;  neutral  solutions  of  it  are  also  reduced  by  protosulphate  of 
iron  or  protochloride  of  tin;  in  these  cases  the  tellurium  falls  in 
brown  flocculi.  The  tellurates  of  the  alkalies  when  heated  with 
charcoal  in  a  test-tube  are  reduced  to  tellurides,  which  are  soluble 
in  water  and  form  a  red  liquid. 


CHAPTER  XVI. 


GROUP  VI. BISMUTH,  LEAD,  COPPER. 

§  I.  Bismuth. 

Symbol,  Bi;  Equivalent,  212*86;  Specific  Gravity,  9*799. 

(725)  Bismuth  occurs  generally  in  the  native  state,  and  is  ex- 
tracted from  its  matrix  by  simple  fusion.  Its  mines  occur  for  the 
most  part  in  Saxony,  Transylvania,  and  Bohemia.  It  is  not  an 
abundant  metal ;  occasionally  it  is  found  as  an  oxide,  or  as  a  sul- 
phide, and  sometimes  it  is  combined  with  tellurium.  It  generally 
contains  silver,  which  may  be  extracted  by  cupellation.  Commercial 
bismuth  is  never  pure.  It  is  apt  to  contain  a  little  sulphur  and 
arsenic,  which  may  be  got  rid  of  by  fusing  the  metal  with  about 
tV  of  its  weight  of  nitre ;  but  it  still  retains  silver,  lead,  and 
iron.  It  may  be  obtained  free  from  these  impurities  by  solution 
in  nitric   acid :    the  clear  liquid  is  poured   into  a  large  bulk   of 
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water.  A  sparingly  soluble  subnitrate  of  bismuth  is  precipitated. 
It  is  washed,  dried,  and  reduced  by  ignition  with  xV  of  its  weight 
of  charcoal,  in  a  crucible ;  pure  bismuth  collects  at  the  bottom. 

Bismuth  is  a  hard,  brittle  metal,  of  a  reddish- white  colour ;  it 
fuses  at  507°  F.,  and  expands  considerably  at  the  moment  of  con- 
gelation :  when  pure  it  may  be  obtained  by  slow  cooling  after 
fusion  (69)  crystallized  in  large  cubes,  which  are  frequently  hollow. 
Marchand  and  Scherer  found  that  the  density  of  bismuth  was  dimi- 
nished by  powerful  compression ;  they  thus  reduced  it  from  9799  to 
9*556,  probably  owing  to  the  formation  of  minute  internal  fissures. 
Bismuth  is  slightly  volatile  when  strongly  heated.  It  is  rapidly 
oxidized  if  exposed  to  the  air  at  a  high  temperature;  boiling 
sulphuric  acid  oxidizes  it  with  evolution  of  sulphurous  acid;  but 
its  proper  solvent  is  nitric  acid,  which  oxidizes  and  dissolves  it 
rapidly. 

The  uses  of  bismuth  are  but  limited ;  it  is  occasionally  em- 
ployed instead  of  lead  in  cupellation :  some  of  its  compounds  are 
used  as  pigments,  and  the  subnitrate  is  employed  medicinally.  Its 
most  remarkable  alloy  is  that  known  as  fusible  metal.  This  is 
composed  of  2  parts  of  bismuth,  i  of  lead,  and  1  of  tin,  or  i 
equivalent  of  bismuth,  i  of  lead,  and  2  of  tin.  The  mixture  fuses 
a  little  below  212°:  passing  through  a  pasty  condition  previous  to 
complete  fusion.  According  to  Erman  it  dilates  in  an  anomalous 
manner,  when  exposed  to  heat ;  he  states  that  it  expands  regularly 
from  32°  to  95°,  then  contracts  gradually  to  131°,  at  which  point 
it  occupies  a  less  bulk  than  it  did  at  32°;  it  then  expands  rapidly 
till  it  reaches  176°,  and  from  that  point  till  it  melts  its  expansion 
is  uniform.  This  faculty  of  expanding  as  it  cools,  while  still  in  the 
soft  state,  renders  the  alloy  very  valuable  to  the  die  sinker,  as  he  is 
able  by  this  means  to  test  the  perfection  of  his  die  with  the  greatest 
accuracy,  every  line  being  faithfully  reproduced  on  taking  a  cast. 

Bismuth  increases  the  fusibility  of  those  metals  with  which  it 
is  alloyed,  to  a  very  remarkable  extent. 

(726)  Oxides  of  Bismuth.  —  Bismuth  forms  two  principal 
oxides,  a  teroxide  (BiOa),  and  an  acid  oxide  (BiOg);  besides  this 
there  is  a  compound  oxide  (BiOa,  Bi05),  formed  by  the  union  of 
the  two  preceding  combinations. 

Teroxide  of  Bismuth  (BiOg),  Eq.  237,  Sp.  Gr.  8-211. — This 
compound  may  be  obtained  in  the  anhydrous  form,  by  heating  the 
nitrate  or  the  subnitrate  of  the  metal  to  low  redness.  It  is  a 
yellow,  insoluble  powder,  which  fuses  at  a  red  heat,  and  is  easily 
reduced  to  a  metallic  state  by  heating  it  with  charcoal.     A  white 
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hydrate  of  this  oxide  may  also  be  procured  by  precipitating  a  salt 
of  bismuth  by  an  excess  of  ammonia. 

Peroxide  of  Bismuth ,  or  bismuthic  acid  (BiOg,  J5J§'.253),may  be 
obtained  by  digesting  the  washed  hydrated  teroxide  of  bismuth  in  a 
concentrated  solution  of  potash,  and  transmitting  chlorine  gas.  A 
blood-red  solution  of  bismuthate  of  potash  is  thus  obtained,  and  a 
red  precipitate  is  formed,  which  is  to  be  well  washed,  and  then 
digested  in  cold  nitric  acid  to  remove  the  oxide  of  bismuth  with 
which  it  is  always  mixed.  A  red  powder  is  thus  left,  which  is 
hydrated  bismuthic  acid  (HO,  BiOg);  by  a  heat  of  270°  it  is 
rendered  anhydrous,  and  assumes  a  brown  colour.  At  a  some- 
what higher  temperature  it  loses  oxygen  and  becomes  converted 
into  the  intermediate  oxide,  or  bismuthate  of  bismuth.  According 
to  M.  Arppe  more  than  one  of  these  intermediate  oxides  may  be 
formed.  Bismuthic  acid  combines  with  the  alkalies,  but  these 
compounds  are  decomposed  by  mere  washing  with  water.  The 
acid  is  decomposed  by  concentrated  sulphuric  acid  at  ordinary 
temperatures,  and  by  nitric  acid  if  the  temperature  be  raised. 

(727)  Sulphide  of  Bismuth  (BiSg,  Eq.  261),  occurs  native  in 
delicate  needles,  and  in  crystals  isomorphous  with  those  of  ter- 
sulphide  of  antimony.  It  may  be  formed  artificially  by  fusing 
the  metal  with  sulphur  :  a  fusible,  dark  grey  compound,  with  a 
feeble  metallic  lustre,  is  then  obtained ;  in  close  vessels  it  is  de- 
composed into  a  subsulphide,  and  into  free  sulphur,  which  distils  ; 
in  the  open  air  sulphurous  acid  escapes,  and  teroxide  of  bismuth 
remains.  When  solutions  of  bismuth  are  treated  with  sulphuretted 
hydrogen,  a  black  precipitate  of  tersulphide  of  the  metal  is  formed. 
Sulphide  of  bismuth  is  dissolved  by  the  metal  in  all  proportions, 
a  circumstance  which  affords  an  easy  method  of  obtaining  it  in 
crystals,  as  the  sulphide  crystallizes  at  a  temperature  at  which  the 
metal  still  remains  fluid. 

Terchloride  of  Bismuth  (BiClg,  Eq.  319),  may  be  obtained 
by  heating  bismuth  in  chlorine,  or  by  mixing  the  metal  in  fine 
powder  with  corrosive  sublimate,  and  distilling.  It  is  a  very 
fusible,  volatile,  deliquescent  compound;  but  is  decomposed  by  a 
large  quantity  of  water  into  free  hydrochloric  acid,  and  an  oxy chlo- 
ride of  bismuth,  BiClg,  2  BiOg,  known  under  the  name  oi  pearl  ivhite. 

The  Iodide  of  Bismuth  is  of  a  dark  brown  colour,  and  is  insoluble 
in  water,  but  it  forms  soluble  compounds  with  hydrochloric  acid, 
and  with  iodide  of  potassium. 

The  only  other  salt  of  bismuth  of  any  importance  is  the  nitrate , 
which  is  easily  procured  by  dissolving  the  metal  in  nitric  acid.    It 
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crystallizes  in  large  transparent  prisms^  composed  of  BiOg  +  3  NO5 
+  g  HOj  sp.  ffr.  2'^y6.  If  the  solution  be  largely  diluted  with 
\vater_,  a  suhnitrate  falls,  composed  of  (9  HO,  4  NO5  +  5  ^i^g), 
(Becker),  called  by  the  old  writers  magistery  of  bismuth. 

(728)  Characters  op  the  Salts  of  Bismuth. — Bismuth  pre- 
sents characters  in  solution  less  marked  than  many  metals.  Its  salts 
have  an  acid  reaction  ;  and  its  solutions  when  diluted  become  milky 
from  the  formation  of  sparingly  soluble  subsalts,  unless  a  large  excess 
of  acid  be  present.  Iron,  zinc,  copper,  and  tin  throw  down  bismuth 
from  its  solutions  in  the  metallic  state.  The  alkalies  give  a  white  preci- 
pitate of  the  hydrated  oxide,  which  is  insoluble  in  excess  of  the  pre- 
cipitant, and  becomes  yellow  by  boiling  it  with  the  liquid.  Solutions 
of  the  carbonates,  phosphates,  tartrates  Kw^ferro cyanides  give  white 
precipitates  with  its  salts.  Sulphuretted  hydrogen  throws  down  a 
black  sulphide,  which  is  insoluble  in  hydrosulphate  of  ammonia. 
Chr ornate  of  potash  gives  a  yellow  precipitate  of  cliromate  of  bis- 
muth. Before  the  blowpipe  its  salts  are  easily  reduced,  and  yield  a 
brittle  bead  of  bismuth,  around  which  the  yellow  oxide  deposits  itself. 

(729)  Estimation  of  Bismuth.- — Bismuth  is  estimated  in  the 
form  of  the  teroxide,  100  parts  of  which  correspond  to  89-86  of 
the  metal.  Carbonate  of  ammonia  is  its  best  precipitant,  but  the 
solution  must  not  contain  any  chloride  or  hydrochloric  acid,  as  an 
oxychloride  of  bismuth  would  in  that  case  be  precipitated,  and 
part  of  the  bismuth  would  be  volatilized  with  the  chlorine  on 
ignition ;  the  metal  must  in  such  a  case  be  precipitated  as  sul- 
phide. It  may  be  separated  from  the  alkalies,  from  titanium,  and 
from  all  the  metals  of  the  first  four  groups,  (with  the  exception  of 
cadmium,)  by  means  of  sulphuretted  hydrogen;  the  solution  having 
been  first  acidulated  with  acetic  acid.  From  tin,  and  from  the 
metals  of  the  fifth  group,  it  may  be  separated  by  digesting  the  mixed 
sulphides  (obtained  by  transmitting  sulphuretted  hydrogen  through 
the  liquid,)  in  hydrosulphate  of  ammonia,  which  leaves  the  sul- 
phide of  bismuth,  and  dissolves  the  other  sulphides.  The  sulphide 
must  be  dissolved  in  nitric  acid,  and  precipitated  by  carbonate  of 
ammonia,  which  after  standing  for  a  few  hours  throws  down  the 
whole  of  the  bismuth  in  the  form  of  carbonate ;  it  must  be  ignited 
in  a  porcelain  crucible ;  the  carbonic  acid  is  thus  expelled,  and 
the  teroxide  of  bismuth  remains. 

Bismuth  may  be  separated  from  cadmium  by  the  addition  of 
ammonia  in  excess  to  the  solution  of  the  sulphides  in  nitric  acid ;  the 
cadmium  is  retained  in  solution,  whilst  the  bismuth  is  precipitated. 
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II.  Copper. 


Symbol,  Cu;  Equivalent,  3175;  Specific  Gravity,  from 
8-921  to  8-952. 

(730)  The  ores  of  copper  are  numerous.  The  metal  is  fre- 
quently found  native,  crystallized  in  cubes,  octohedra,  or  dendritic 
crystals ;  or  else  in  masses,  as  in  the  North  American  and  Siberian 
mines.  In  the  neighbourhood  of  Lake  Superior  there  is  a  vein  of 
massive  native  copper,  associated  with  silver ;  this  vein  is  in  many 
parts  2  feet  in  thickness.  The  most  common  ore  of  copper  however 
is  the  copper  pyrites,  or  mixed  sulphide  of  copper  and  iron  (CugS, 
FcaSg),  which  occurs  in  the  primitive  rocks,  and  especially  in  the 
killas,  or  clay-slate.  More  rarely  the  pure  subsulphide  of  copper 
(CU2S)  is  found  in  the  mines  of  Cornwall  and  of  the  Ural  Moun- 
tains. Other  less  abundant  ores  are  the  blue  and  green  carbonates, 
and  the  red  and  black  oxides  of  copper. 

The  Cornish  mines  supply  more  than  two -thirds  of  the  copper 
which  is  smelted  in  Great  Britain,  but  considerable  supplies  of  ore 
are  received  from  Cuba,  Chili,  and  South  Australia.  The  most  im- 
portant seat  of  the  copper  smelting  is  Swansea,  which  furnishes 
annually  from  18,000  to  20,000  tons  of  the  refined  metal. 
North  America  and  Saxony  supply  the  larger  portion  of  the 
remainder.  The  Australian  ore  consists  chiefly  of  the  green  and 
blue  carbonate  in  a  siliceous  matrix :  these  ores  contain  from  25 
to  35  per  cent,  of  copper.  Cuba  furnishes  both  the  oxides  and 
the  sulphides  of  the  metal.  Many  of  the  ores  from  Chili  are 
valuable  on  account  of  the  large  proportion  of  silver  which  they 
contain.  The  Cornish  copper  pyrites  usually  occurs  (mixed  with 
small  quantities  of  oxide  of  tin  and  arsenical  pyrites)  in  a  matrix 
of  quartz,  fluor  spar,  and  clay. 

(731)  The  main  object  in  the  treatment  of  such  an  ore  as  the 
Cornish,  is  to  oxidize  and  remove  the  sulphur  and  arsenic  in  the 
form  of  sulphurous  and  arsenious  acids,  and  to  get  rid  of  the  quartz 
and  oxide  of  iron  in  the  form  of  a  fusible  slag,  composed  of  sili- 
cate of  iron  combined  with  other  earthy  impurities,  leaving  metallic 
copper  free  from  admixture. 

After  the  ore  has  been  raised  from  the  mine  it  is  sorted  ;  the 
purest  portions  are  broken  into  small  pieces  of  the  size  of  a  nut, 
and  the  earthy  portions  are  crushed  and  sifted,  as  in  washing  tin 
ore.  The  Enghsh  ore  is  usually  so  mixed  that  it  may  contain  an 
average  of  8^  per  cent,  of  copper. 

The  theory  of  copper  smelting  as   practised  at    Swansea,    like 
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many  otlier  operations,  is  simple,  though  the  working  details 
appear  complicated.*  The  principal  operations  may,  however,  be 
enumerated  as  follows  : — 

1.  Calcining  the  ore. 

2.  Melting  and  granulating  for  coarse  metal.  ' 

3.  Calcination  of  the  coarse  metal. 

4.  Melting  for  fine  metal. 

5.  Roasting  of  the  fine  metal. 

6.  Refining  and  toughening. 

We  shall  make  a  few  remarks  upon  each  of  these  processes  in 
succession. 

(732)  I.  Calcining  the  Ore. — The  calcination  is  conducted  in 
large  reverberatory  furnaces,  upon  quantities  of  about  3  tons  at  a 
time  ;  the  heat  is  moderate,  so  as  to  avoid  fusing  the  mass,  which  is 
spread  evenly  over  the  floor  of  the  furnace,  and  stirred  at  intervals 
of  2  hours  :  this  roasting  is  continued  for  1 2  hours,  at  the  end 
of  which  time  the  mass  is  converted  into  a  black  powder  con- 
taining sulphide  of  copper,  oxide  and  undecomposed  sulphide  of 
iron,  and  earthy  impurities.  Oxygen  has  a  stronger  affinity  for 
iron  than  for  copper,  whilst  the  affinity  of  sulphur  for  copper 
is  greater  than  for  iron ;  and  the  effect  of  the  roasting  is  seen 
in  the  production  of  oxide  of  iron  and  sulphurous  acid,  whilst 
the  sulphide  of  copper  remains  unacted  upon.  During  this  and 
the  subsequent  processes,  abundant  white  deleterious  fumes  are 
given  off,  containing  arsenious,  sulphurous,  sulphuric,  and  hydro- 
fluoric acids,  and  a  certain  portion  of  metallic  arsenic.  These 
fumes  hang  like  a  dense  canopy  over  the  smelting  works  and 
their  vicinity ;  the  cloud  of  copper  smoke,  as  it  is  called,  may  be 
discerned  at  the  distance  of  many  miles. 

The  calcining  furnace  employed  in  Wales  is  shown  in 
section  in  fig.  309,  and  a  plan  of  the  hearth  is  exhibited  in 
fig.  310. 

A  is  the  fireplace;  h,  the  bridge;  c  Cy  the  hearth  or  roasting  bed ; 
d  d  are  apertures  in  the  floor,  through  which,  by  withdrawing  an 


*  The  apparent  complication  of  the  process  arises  from  one  of  its  great 
practical  merits — viz.,  from  the  circumstance  that  it  admits  of  being  modified 
to  suit  almost  every  variety  of  ore,  and  these  modifications  necessarily  tend 
to  increase  its  complexity.  Le  Play  enumerates  six  principal  varieties  of  ores 
as  being  wrought  by  this  method. — i.  Pyritous  ores,  containing  from  3  to  15 
per  cent,  of  copper.  2.  Richer  ores  of  the  same  kind,  yielding  from  15  to  25 
per  cent,  of  copper.  3,  Siliceous  oxides  of  copper,  yielding  from  12  to  20  per 
cent.  4.  Oxides  and  carbonates  with  subsulphide  of  copper,  in  a  siliceous 
matrix.  5.  Very  pure  siliceous  sulphides  of  copper  and  iron,  yielding  from  ro 
to  15  per  cent,  of  copper;  and  6.  Pure  sulphides  and  oxides  of  copper,  con- 
taining from  60  to  80  per  cent,  of  the  metal. 
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iron  slide,  the  charge  can  be  allowed  to  pass  into  the  cub,  or 
vault  E,  when  the  roasting  is  complete ;  //  are  the  flues ;  ^  is  an 
opening  for  the  admission  of  air  to  the  hearth ;  h  h  are  hoppers 
for  charging  the  furnace,  and  t,  a  platform  over  which  the  barrows 
of  ore  are  conveyed  to  the  hoppers. 

Fig.  309. 


The  fuel  used  in  roasting  the  ore  is  chiefly  anthracite,  a  coal 
which,  under  ordinary  management,  yields  no  flame.  Flame, 
however,  is  absolutely  necessary  to  the  proper  roasting  of  the 
copper  ore  :  experience  has  taught  the  copper  smelter  to  obtain  this 
desideratum  by  limiting  the  supply  of  air  to  the  fuel  in  the  fire- 
grate, thus  causing  the  carbonic  acid  which  is  formed  at  the  lower 
part  of  the  fire  to  be  converted  into  carbonic  oxide.  By  a  nice 
adjustment  of  the  supply  of  air  through  g,  the  other  apertures  of 
the  furnace  being  closed,  the  carbonic  oxide  is  gradually  burned  as 
it  plays  over  the  ore  upon  the  hearth,  c  c ;  the  maximum  of  heat 
is  thus  obtained  at  the  minimum  cost  of  fuel,  the  carbonic   oxide 
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being  completely  burned  before  it  reaches  the  flue.  An  admirable 
analysis  of  this  operation  is  given  by  M.  Le  Play  in  his  elaborate 
memoir  on  the  Welsh  method  of  copper  smelting  [Annales  des 
Mines,  IV.,  xiii.  128).* 

(733)  2.  Melting  for  Coarse  Metal. — The  roasted  ore  is  now 
subjected  to  fusion  with  certain  proportions  of  slag,  the  produce  of 
a  subsequent  operation,  of  siliceous  ore  free  from  sulphur,  and  of 
fluor  spar  if  necessary :  by  this  means  the  charge  is  converted  into 
a  fusible  slag  consisting  chiefly  of  silicate  of  iron,  and  into  sulphides 
of  copper  and  of  iron,  which  sink  through  the  slag,  and  form  what 
is  termed  a  matt.  This  fusion  occupies  about  5  hours,  each  charge 
containing  about  i  J  ton  of  roasted  ore.  The  matt  procured  thus 
contains  about  y^  per  cent,  of  copper  :  it  is  run  oft*  while  liquid 
into  water,  by  which  it  is  granulated.  The  product  goes  by  the 
name  of  coarse  metal.  The  slag  which  floats  above  the  matt  is 
raked  out  of  the  furnace  at  a  separate  aperture.  It  ought  to  con- 
tain no  appreciable  quantity  of  metal. 

3.  Calcination  of  the  Coarse  Metal. — The  granulated  metal  is 
again  roasted  for  24  hours,  during  which  operation  a  large  propor- 
tion of  the  sulphide  of  iron  is  converted  into  oxide. 

4.  Melting  for  Fine  Metal. — A  second  fusion  is  performed  upon 
this  calcined  matt  with  the  addition  of  a  portion  of  copper  ore  known 
to  be  rich  in  oxide  of  copper  and  in  silica,  and  to  contain  little  iron 
pyrites.  By  this  means  the  oxide  of  iron  is  removed  in  the  form  of 
a  fresh  slag  of  silicate  of  iron,  and  the  oxygen  contained  in  the  freshly 
added  oxide  of  copper  completes  the  oxidation  of  any  portion  of 
svilphide  of  iron  still  remaining  ;  the  oxide  of  copper  and  the  whole 
of  the  sulphide  of  this  metal  being  reduced  to  the  state  of  disulphide 
of  copper  (CU2S),  or  fine  metal.  The  slags  from  this  process,  and 
all  the  subsequent  ones,  are  preserved.  This  matt  contains  about 
80  per  cent,  of  copper.  It  is  cast  into  pigs.  The  lower  part  of 
these  pigs  often  contain  a  considerable  quantity  of  tin,  and  the  alloy 
being  the  heavier,  sinks  to  the  bottom.  If  a  very  pure  metal  be 
required,  the  upper  parts  of  the  pigs  are  detached  from  the  lower 


*  The  heat  emitted  during  the  combustion  of  anthracite  is  very  intense, 
so  that  it  causes  a  rapid  oxidation  of  the  fire  bars  of  the  furnace.  This  fuel 
has  also  the  inconvenience  of  splitting  into  small  fragments,  which  choke  the 
air  ways  between  the  bars,  it  the  heat  be  suddenly  applied.  The  copper 
smelter  overcomes  these  difficulties  by  employing  a  grate  consisting  only  of  a 
few  bars,  which  do  not  come  into  contact  with  the  fuel  itself,  but  only  serve 
as  a  support  for  the  clinker  produced  during  the  combustion  of  the  coal.  A 
bed  of  clinkers,  twelve  or  sixteen  inches  thick,  rests  upon  the  fire  bars,  and 
above  this  the  fuel  is  burned :  from  time  to  time  the  fireman  removes  portions 
of  the  clinker  as  it  accumulates. — (Le  Play.) 
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portions^  and  the  metal  extracted  from  the  upper  portions   of  the 
ingots  is  known  in  the  market  as  best  selected  copper. 

5.  Roasting  for  Blistered  Copper. — The  metal  is  now  to  be 
freed  from  the  sulphur,  which  has  hitherto  been  useful  by  forming 
a  fusible  compound  with  the  copper^  thus  facilitating  its  separation 
from  the  impurities  by  which  it  was  accompanied.  With  this  view 
the  pigs  of  fine  metal  are  next  subjected^  for  several  hours,  upon 
the  bed  of  a  reverberatory,  to  a  heat  just  short  of  that  required  to 
fuse  them ;  the  metal  by  this  means  becomes  oxidated  at  the  sur- 
face, and  a  part  of  the  sulphur  which  it  still  retains  is  oxidized ; 
at  last  it  is  fused  :  a  remarkable  reaction  then  begins  to  take  place. 
When  oxide  of  copper  and  sulphide  of  copper  are  heated  together, 
they  mutually  decompose  each  other  ;  sulphurous  acid  and  metallic 
copper  are  liberated ;  CugS  +  2  CuO  =  SO2  +  3  Cu.  It  is  not  desir- 
able that  the  temperature  should  be  too  strongly  raised,  as  the 
oxide  of  copper  would  then  combine  with  the  silica  still  present  in 
the  mass,  and  would  cease  to  exert  its  oxidizing  influence.  After 
the  charge  has  become  liquid,  the  temperature  of  the  furnace  is 
therefore  allowed  to  fall ;  the  melted  mass  solidifies  upon  its  sur- 
face^ and  an  appearance  of  violent  ebullition  is  produced  from  the 
formation  of  sulphurous  acid  gas,  and  its  eftbrts  to  escape  from  the 
tenacious  mixture :  when  this  ceases,  the  desulpburation  is  com- 
plete. The  temperature  is  now  rendered  very  intense,  the  copper 
melts,  and  sinks  to  the  bottom,  and  separates  completely  from  the 
slag,  which  consists  chiefly  of  silicate  of  copper  ;  the  reduced  metal 
is  then  run  off*  into  sand  moulds.  The  ingots  thus  obtained,  being 
full  of  bubbles,  are  termed  pimple  or  blistered  copper. 

(734)  Refining,  or  Toughening. — The  blistered  copper  now  un- 
dergoes the  concluding  operation  of  refining.  From  7  to  8  tons  of 
the  metal  are  placed  in  a  reverberatory  furnace  and  kept  in  a  melted 
state  for  upwards  of  20  hours,  in  order  to  oxidate  the  last  traces  of 
foreign  metals :  during  this  process  a  large  quantity  of  oxide  of 
copper  is  formed ;  part  of  this  oxide  is  absorbed  by  the  melted  metal, 
and  the  copper,  if  examined  at  this  stage,  is  found  to  be  of  a  dull  red 
colour,  coarse  grained  and  brittle.  To  reduce  this  oxide,  the  slags 
are  skimmed  off',  and  the  surface  is  covered  with  a  few  shovelsfull 
of  anthracite  or  of  charcoal,  and  the  metal  is  subjected  to  the  pro- 
cess o^  poling,  in  which  the  trunk  of  a  young  tree  is  thrust  into 
the  molten  metal.  The  inflammable  gases  disengaged  from  the 
green  wood  as  it  chars,  produce  a  powerful  agitation  of  the  whole 
mass,  and  in  about  20  minutes  the  poling  is  finished.  The  re- 
ducing influence  of  the  combustible  gases  has  in  the  meantime  been 
brought   to   bear  upon   every  portion  of   the  melted   metal.      In 
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this  way  the  oxide  diftusecl  through  the  mass  is  deprived  of  oxygen. 
If  the  poling  be  carried  too  far,  the  copper  again  becomes  brittle, 
and  is  said  to  be  overpoled.  This  defect  may  be  remedied  by  ex- 
posing the  surface  of  the  melted  metal  to  a  current  of  air.  If  too 
little  poling  be  used,  the  metal  is  still  brittle,  and  it  is  then  said  to 
be  under  poled.  There  appears  to  be  no  doubt  that  the  brittleness  of 
underpoled  copper  is  due  to  the  presence  of  red  oxide  of  copper  in 
the  metal,  and  Mr.  Vivian  has  suggested  that  overpoled  copper 
may  be  defective  from  the  presence  of  a  little  carbon.  Dr.  Percy, 
however,  was  unsuccessful  in  the  attempt  to  discover  carbon  in 
overpoled  specimens.  The  progress  of  the  poling,  therefore, 
requires  careful  watching :  the  refiner  tests  the  metal  from  time 
to  time  by  dipping  a  small  test  ladle  into  the  melted  mass  ;  a 
sample  of  copper  is  thus  removed,  and  cooled  suddenly  by  immer- 
sion in  water :  the  grain  of  the  copper  is  judged  of  by  cutting 
the  hammered  button  partially  through  with  a  chisel  or  shears, 
and  then  bending  it  by  placing  it  in  a  vice.  If  properly  refined,  the 
broken  surface  will  display  a  fibrous  structure  with  a  beautiful 
satiny  lustre.  If  underpoled,  the  fracture  will  be  granular,  with 
a  number  of  red  points.  If  overpoled,  the  fibres  become  coarser, 
and  the  fracture  has  a  strong  metallic  lustre,  but  the  silky  appear- 
ance is  wanting.  When,  upon  testing,  the  copper  appears  to  be  fine 
grained,  fibrous,  and  silky,  of  good  colour  and  malleable,  it  is  either 
ladled  out  and  cast  into  ingots,  or  is  cooled  suddenly  at  the  sur- 
face, by  allowing  water  to  run  upon  it ;  rose  copper  is  thus  pro- 
duced, and  successive  films  are  thus  made  and  removed  till  all  the 
metal  is  consumed. 

The  slags  from  the  various  operations  are  carefully  remelted, 
and  the  copper  which  is  extracted  from  them  is  termed  black 
copper ;  it  is  run  into  pigs,  which  are  subsequently  refined. 

The  presence  of  a  small  quantity  of  tin  in  the  refined 
copper  is  considered  advantageous,  as  the  toughness  and  tenacity  of 
the  metal  are  thereby  increased.  Antimony  is  singularly  injurious ; 
so  small  a  quantity  as  lo  ounces  in  the  ton,  renders  copper  unfit 
for  making  brass  that  is  required  for  rolling ;  and  minute  traces  of 
nickel  are  also  said  greatly  to  injure  the  tenacity  of  the  metal. 

(735)  In  the  Hartz,  and  in  many  mines  where  the  ores  contain 
a  large  quantity  of  sulphide  of  iron,  and  only  about  4  per  cent,  of 
copper,  the  crude  mineral  is  roasted  in  enormous  heaps  in  the 
open  air.  These  heaps  are  in  the  form  of  a  truncated  square 
pyramid,  the  base  of  which  is  about  30  feet  square  (340).  The 
roasting  is  a  very  slow  operation,  requiring  from  5  to  6  months 
for  its  completion.      Spring  and  autumn  are  the  most  favourable 


982 


COMMERCIAL    COPPER ITS    PROPERTIES. 


seasons  in  whicli  to  commence  it.  The  roasted  ore  is  tlien  sub- 
jected to  processes  not  essentially  difiering  from  those  already 
described. 

In  many  copper  mines  the  water  which  is  pumped  up  is  impreg- 
nated with  sulphate  of  copper  derived  from  the  oxidation  of  the 
sulphide  by  exposm'c  to  the  air :  the  copper  is  easily  separated  in 
the  metallic  form^  by  collecting  the  water  in  tanks  containing 
scraps  and  fragments  of  iron :  the  iron  unites  with  the  oxygen 
and  the  acid_,  whilst  the  copper  is  set  at  liberty:  CuO,  SOg-f  Fe  = 
FeO,  SO3  +  CU. 

When  the  ore  consists  of  the  oxides  and  carbonates  of  copper, 
it  is  easily  reduced  to  the  metallic  state  by  simple  fusion  with 
coke  or  charcoal ;  the  copper  is  rendered  tough  by  a  process  ana- 
logous to  that  of  poling. 

The  copper  of  commerce  is  very  nearly  pure.  It  contains 
minute  quantities  of  arsenic,  of  iron,  of  lead,  and  sometimes  of  tin 
and  of  silver.  Copper  may  be  readily  obtained  in  a  state  of  perfect 
purity,  by  decomposing  a  solution  of  sulphate  of  copper  by  means 
of  the  voltaic  battery  :  it  is  then  deposited  in  coherent  plates  upon 
the  negative  electrode. 

(736)  Properties. — Copper  is  one  of  the  metals  which  has  been 
longest  known  to  man :  before  the  art  of  working  iron  was 
understood,  it  was  in  extensive  use,  either  alone  or  alloyed  with 
tin,  for  many  of  the  purposes  to  which  iron  is  now  applied.  It  is  of 
a  well-known  red  colour,  and  has  a  peculiar,  disagreeable  odour  and 
taste  when  moistened  and  rubbed.  It  is  rather  a  hard  metal,  very 
tenacious,  ductile,  and  malleable  ;  after  it  had  been  melted  beneath 
a  layer  of  common  salt,  to  exclude  atmospheric  air,  pure  copper  was 
found  by  Scherer  and  Marchand  to  have  a  sp.  gr.  of  8-921 :  the  density 
was  increased  by  hammering,  and  when  drawn  into  fine  wire  it 
was  obtained  as  high  as  8-952  :  its  fusing  point  is  I996°F.  If  ex- 
posed to  a  very  intense  heat,  it  is  capable  of  volatilization,  but  it  is 
usually  considered  to  be  fixed  in  the  fire.  By  slow  voltaic  action  it 
may  be  obtained  crystallized  in  cubes  and  octohedra,  and  is  some- 
times found  native  in  these  forms.  It  ranks  among  the  best  con- 
ductors of  heat  and  electricity.  If  heated  to  redness  in  the  open 
air,  copper  combines  with  oxygen  rapidly,  a  layer  of  oxide  is 
formed  upon  the  surface,  and  as  the  oxide  contracts  more  slowly 
than  the  metal  beneath,  it  scales  off  if  suddenly  cooled,  leaving  a 
bright,  clean  metallic  surface.  Exposure  to  a  moist  air  at  ordinary 
temperatures  has  no  effect  upon  copper ;  neither  has  pure  water ; 
but  in  sea  water,  or  in  solutions  of  the  chlorides,  it  is  gradually  cor- 
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roded  with  tlie  formation  of  an  oxycliloride  of  copper.  Finely  divided 
copper  ignites  when  touched  with  a  glowing  coal,  and  burns  like 
tinder,  being  converted  into  the  black  oxide.  Nitric  acid  oxidizes 
and  dissolves  the  metal  with  rapidity.  Oil  of  vitriol  does  not  act 
upon  it  in  the  cold,  but  if  heated  with  it,  the  acid  is  decomposed, 
sulphurous  acid  being  evolved  and  oxide  of  copper  formed,  which 
unites  with  the  excess  of  acid  to  form  the  sulphate.  Hydro- 
chloric acid  with  access  of  air  dissolves  it :  but  if  air  be  excluded, 
it  has  no  such  effect.  The  fixed  alkalies  have  little  action  on  copper, 
but  ammonia  gradually  dissolves  the  metal  if  the  air  has  access  to  it, 
slow  oxidation  taking  place.  Before  the  oxyhydrogen  blowpipe  it 
burns  with  a  green  flame,  and  if  introduced  into  a  flame  of  gas  or 
of  spirit  it  communicates  to  it  a  green  colour.  The  uses  to  which 
copper  is  applied  are  very  numerous.  Vast  quantities  of  it  are 
annually  consumed  in  the  sheathing  of  ships,  and  in  the  manu- 
facture of  boilers  and  of  various  utensils  for  domestic  purposes. 
It  also  forms  the  basis  of  a  number  of  valuable  alloys  in  extensive 
use:  with  zinc  it  forms  the  different  varieties  of  brass;  and  with 
different  proportions  of  tin,  it  forms  bronze,  bell-metal,  gun-metal, 
and  speculum-metal  {6^6)  ;  whilst  its  oxides  and  salts  are  largely 
employed  as  pigments,  and  furnish  articles  of  some  importance  in 
the  materia  medica. 

(y^y)  Brass. — The  combination  of  zinc  with  copper  has  a  well- 
known  yellow  colour,  the  tint  of  which  becomes  paler  in  propor- 
tion as  the  quantity  of  zinc  is  increased.  A  curious  observation 
upon  this  point  was  made  by  Mr.  D.  Forbes,  who  found  that  a 
brittle  crystalline  alloy  of  a  silver- white  colour  may  be  formed,  con- 
taining 53*49  per  cent,  of  zinc,  and  consisting  of  7  equiv.  of  copper 
and  8  equiv.  of  zinc ;  or  if  the  quantity  of  zinc  were  either  increased 
or  diminished,  the  alloy  had  the  usual  yellow  colour  of  brass. 
The  specific  gravity  of  brass  is  greater  than  the  mean  of  that  of  the 
metals  which  form  it.  Brass  Avhich  contains  25  per  cent,  of  zinc, 
melts  at  1 750°  F.  (Daniell),  and  a  larger  proportion  of  zinc  increases 
its  fusibility.  By  exposure  to  a  long-sustained  high  temperature 
in  closed  vessels,  the  whole  of  the  zinc  may  be  expelled,  and  it  is 
not  possible  to  fuse  the  alloy  without  losing  a  portion  of  the  zinc. 
The  alloys  of  zinc  and  copper  are  malleable  when  cold,  but  are 
generally  brittle  when  hot.  An  alloy  prepared  by  Mr.  Muntz, 
and  largely  used  under  the  name  of  Muntz  metal  for  the  sheath- 
ing of  ships,  may  be  rolled  whilst  hot :  it  contains  2  equivalents  of 
zinc  to  3  of  copper,  or  60  per  cent,  of  copper.  Ordinary  brass  has 
a  sp.  gr.  of  8*29 ;   it  contains  about  64  per  cent,  of  copper.      The 
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addition  of  about  2  per  cent,  of  lead  improves  its  quality  if  it  is  to 
be  used  at  the  lathe  :  it  diminishes  its  toughness^  and  prevents  it 
from  hanging  to  the  tool  and  clogging  the  file ;  but  if  intended  for 
wire,  the  presence  of  lead  must  be  avoided.  A  very  small  propor- 
tion of  tin,  even  if  it  does  not  amount  to  1  part  in  200,  greatly 
increases  the  hardness  of  the  alloy.  The  ordinary  solder  for  brass 
is  an  alloy  consisting  of  2  parts  of  brass  and  i  of  zinc.  Brass 
is  usually  made  by  melting  granulated  copper  in  crucibles,  with 
rather  more  than  half  its  weight  of  zinc :  formerly  a  mix- 
ture of  calamine  and  charcoal  was  substituted  wholly  or  par- 
tially for  metallic  zinc.  At  Swansea,  the  Muntz  metal  is 
prepared  by  melting  the  two  metals  in  a  reverberatory  furnace, 
which  enables  a  large  quantity  of  the  alloy  to  be  prepared  with 
rapidity :  but  the  process  is  attended  with  a  considerable  waste 
of  zinc. 

(738)  Oxides  of  Copper. — There  are  two  salifiable  oxides  of 
copper,  both  of  which  are  found  in  the  native  state ;  viz.,  the  red 
oxide  or  dioxide  CU2O,  and  the  black  oxide  CuO.  Some  indi- 
cations have  been  obtained  of  the  existence  of  a  still  higher  oxide, 
probably  CugOg, 

The  Dioxide  of  Copper  {Cu.f) ;  Eg.  7i'5  ;  Sp.  Gr.  560),  occurs 
native,  crystallized  either  in  the  octohedron,  or  in  some  of  its 
derived  forms,  or  else  in  capillary  crystals  or  in  lamellar  masses. 
There  are  various  ways  of  obtaining  this  oxide  artificially;  one 
of  the  best  consists  in  boiling  the  diacetate  of  copper  with 
sugar ;  the  oxide  of  copper  contained  in  the  salt  is  thus  deprived 
of  half  its  oxygen,  and  the  red  oxide  is  deposited  in  small  octo- 
liedra.  It  fuses  at  a  full  red  heat.  By  decomposing  the  di- 
chloride  of  copper  with  potash  it  is  obtained  as  an  orange- 
yellow  hydrate  4  CuO  +  aq  (Mitscherlich) .  In  this  condition  it 
combines  with  acids.  A  sulphite  as  Avell  as  a  carbonate  and  an 
acetate  of  this  oxide  appear  to  exist.  The  salts  of  the  suboxide 
of  copper  are  unstable,  and  absorb  oxygen  readily.  Some  of 
its  double  salts  are  more  stable  :  a  double  sulphite  of  copper 
and  potash  may  be  obtained  as  a  yellow  insoluble  precipitate,  by 
mixing  solutions  of  sulphite  or  of  bisulphite  of  potash  with  sul- 
phate of  copper  j  part  of  the  sulphurous  acid  being  oxidized  at  the 
expense  of  one  half  of  the  oxygen  of  the  black  oxide  of  copper. 

The  anhydrous  oxide  is  resolved  by  most  of  the  stronger 
acids  into  a  salt  of  the  black  oxide,  and  into  metallic  copper. 
Nitric  acid  converts  it  into  protoxide  and  dissolves  it :  hydrochloric 
acid  converts  it  into  the  dichloride,      Hydrated  dioxide  of  copper 
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is  soluble  in  solution  of  ammonia,  forming  with  it  a  colourless 
liquid.  This  solution  is  an  extremely  delicate  test  of  the  presence 
of  oxygen  in  a  gaseous  mixture ;  a  mere  trace  of  oxygen  causes 
it  to  assume  a  blue  tint  from  the  formation  of  the  black  oxide  of 
copper,  which  when  dissolved  in  solution  of  ammonia  has  an  intense 
blue  colour.  The  principal  employment  of  dioxide  of  copper  is  ni 
the  manufacture  of  stained  glass,  to  which  it  imparts  a  beautiful 
ruby  or  purple  colour. 

(739)  Black  Oxide  of  Copper  (CuO),  Eq.  397,  Sp.  Gr.  6*4. 
— This  oxide  is  a  compound  of  considerable  importance  to  the 
chemist.  It  is  employed  largely  as  a  means  of  furnishing  oxygen 
to  organic  substances  in  the  regulated  combustion  by  means  of 
which  their  composition  is  determined.  The  best  process  for 
obtaining  the  black  oxide  of  copper  consists  in  dissolving  pure 
copper  in  pure  nitric  acid,  and  decomposing  the  resulting  nitrate  in 
an  earthen  crucible,  by  the  application  of  a  red  heat.  The  water 
and  the  nitric  acid  are  expelled,  and  the  black  oxide  remains 
behind  in  a  state  of  purity.  The  heat  should  be  long  continued, 
but  not  too  violent;  otherwise  the  oxide  sinters  together  and  con- 
cretes into  hard  masses,  which  are  pulverized  with  difficulty.  A 
very  pure  oxide  is  also  furnished  by  the  decomposition  of  the  car- 
bonate by  heat;  or  still  more  simply  by  heating  a  plate  of  copper  to 
redness  in  a  brisk  current  of  air,  and  suddenly  quenching  it  in  water, 
in  which  case  the  oxide  separates  in  black  scales.  It  may  be  obtained 
as  a  hydrate  of  a  light  blue  colour  (CuO,  2,  HO),  from  any  of  its  salts, 
by  the  addition  of  potash  in  excess  :  when  boiled  with  water  it 
becomes  black  and  anhydrous.  This  hydrate  is  soluble  in  ammonia, 
and  gives  a  splendid  blue  coloured  solution:  if  slips  of  metallic  copper 
be  introduced  into  a  bottle  wliich  is  filled  with  this  liquid,  and  closed 
so  as  completely  to  exclude  the  air,  a  portion  of  the  metal,  equal 
to  that  already  in  solution,  is  dissolved,  the  metal  deriving  oxygen 
from  the  oxide  already  in  solution,  both  portions  being  thus 
reduced  to  the  state  of  dioxide;  Cu-hCuO^Cu^O ;  the  colour  gra- 
dually disappears,  since  the  dioxide  produces  a  colourless  solution 
with  ammonia;  but  the  moment  that  air  is  admitted,  the  blue 
colour  is  reproduced.  Black  oxide  of  copper  is  soluble  in  oils  and 
fats,  so  that  greasy  matters  boiled  in  a  copper  saucepan,  which  is 
not  kept  bright,  are  liable  to  become  impregnated  with  the  metal. 
Oxide  of  copper  combines  with  glass  and  gives  it  a  beautiful  green 
colour.  The  oxide  is  hygroscopic,  particularly  if  in  a  finely  divided 
state,  and  it  absorbs  water  rapidly  from  the  air.  Its  oxygen  cannot  be 
expelled  from  it  by  mere  exposure  to  heat,  but  if  the  oxide  be  plunged 
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into  an  atmosphere  of  hydrogen  while  warm^  it  is  decomposed  with 
evolution  of  light  and  heat,  while  water  is  formed.  Black  oxide  of 
copper  is  soluble  in  most  of  the  acids,  and  combines  with  them 
to  form  salts  which  have  a  green  or  a  blue  colour. 

Thenard  obtained  a  combination  of  deutoxide  of  hydrogen  with 
oxide  of  copper ;  it  was  of  a  yellowish -brown  colour,  and  when  moist 
quickly  underwent  decomposition  at  ordinary  temperatures. 

(740)  Hydinde  of  Copper  (CugH). — This  substance  was  obtained 
by  Wurtz,  as  a  brown  hydrate,  when  hypophosphorous  acid  was 
mixed  with  a  solution  of  sulphate  of  copper,  and  heated  to  140°. 
It  is  very  unstable  :  when  dry  it  is  suddenly  resolved  at  140°  F.;  into 
hydrogen  gas  and  finely  divided  metallic  copper.  Hydrochloric 
acid  forms  with  it  chloride  of  copper,  attended  with  a  brisk  disen- 
gagement of  liydrogen.  In  gaseous  chlorine  it  takes  fire  sponta- 
neously. 

(741)  There  are  two  sulphides  of  copper,  CugS,  and  CuS. 

Disulphide  of  Copper  (CU2S),  Eg.  yg'^,  Sp.  Gr.  5-0. — This  sul- 
phide, which  is  of  a  dark  grey  colour,  is  occasionally  found  native  in 
masses,  but  sometimes  in  six-sided  prisms.  It  is  easily  fused  by 
heat  in  close  vessels ;  nitric  acid  and  aqua  regia  dissolve  it  readily. 
It  may  be  formed  by  melting  together  3  parts  of  sulphur  and 
8  of  copper;  vivid  incandescence  occurs  at  the  moment  of  com- 
bination.     It  forms  the  fine  metal  of  the  copper  smelter. 

The  Sulphide  (CuS,  Eg.  6^'y)j  is  obtained  in  the  form  of  a  dark 
brown  hydrate,  by  decomposing  any  of  the  salts  of  copper  by  a 
stream  of  sulphuretted  hydrogen.  It  is  quickly  oxidized  by  ex- 
posure to  the  air,  becoming  converted  into  sulphate  of  copper,  and 
it  dissolves  easily  in  nitric  acid  and  in  aqua  regia. 

The  co2Jper  pyrites,  or  ordinary  ore  of  copper,  consists  of  a 
double  sulphide  of  copper  and  iron,  CugS,  Fe^Sg.  It  is  of  a  yellow 
colour,  and  has  a  brassy  lustre  :  it  is  found  sometimes  crystallized 
in  tetrahedra,  but  it  usually  occurs  in  amorphous  masses,  with  a 
conchoidal  granular  fracture.  It  has  a  specific  gravity  of  4*3,  and 
is  less  hard  than  iron  pyrites.  The  variety,  called  variegated  or 
peacock  ore,  contains  a  larger  proportion  of  sulphide  of  copper. 
These  compounds  are  rapidly  oxidized  and  dissolved  by  nitric  acid 
or  by  aqua  regia. 

All  the  sulphides  of  copper  are  decomposed  by  roasting  them 
in  air ;  if  the  temperature  be  high,  sulphurous  acid  escapes,  and 
oxide  of  copper  remains  behind ;  at  a  lower  temperature,  sulphate 
of  copper  is  formed. 

Sulphide  of  copper  forms  likewise  a  natural  combination  with 
sulphides  of  lead,  silver,  antimony^  and  arsenic,  constituting  grey 
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copper  ore,  or  Fahlerz  :  this  mineral  is  essentially  a  quadribasic 
sulpliantimonite  and  sulpharsenite  of  copper  and  iron  :  it  varies  con- 
siderably in  the  relative  proportions  of  its  constituents,,  and  often 
contains  zinc,  lead,  silver,  and  merciu-y.  It  crystalHzes  in  forms  de- 
rived from  the  regular  tetrahedron,  and  in  composition  it  corresponds 
to  the  general  formula,  4  MS,  NS3  +  4  M^S,  NS3,  in  which  M 
represents  the  electro-positive  metals,  MgS  being  usually  disul- 
phide  of  copper  or  disulphide  of  silver;  whilst  N  indicates  the 
electro-negative  metals,  arsenic  or  antimony. 
The  principal  varieties  of  the  ore  are — 

1.  Tennantite. — A  sulpharsenite  of  copper  and  iron,  of  specific 
gravity  4*375,  and  of  a  leaden-grey  colour,  FeS,  3  CuS,  AsSg-f 
4  CU2S,  AsSa;  the  copper  in  this  ore  amounts  to  about  48  per  cent, 

2.  Light  Grey  Copper  Ore. — A  mixture  of  sulpharsenite  and 
sulphantimonite  of  zinc,  iron,  copper,  and  silver :  specific  gravity, 
4'5  to  4*7  j  colour,  steel-grey. 

3.  Dark  Grey  Copper  Ore  contains  little  or  no  arsenic.  It  is 
of  an  iron  black  colour;  specific  gravity,  47  to  4*9.  This  variety, 
and  the  one  preceding  it,  contain  from  2,S  ^^  4°  per  cent,  of  copper. 

4.  Silver  Fahlerz  is  a  dark  grey  copper  ore,  rich  in  silver; 
specific  gravity  about  5*0.  The  silver  varies  in  this  ore  from  13 
to  30  per  cent.,  and  the  copper  from  14  to  25  per  cent. 

A  native  selenide  of  copper  is  found  in  combination  with  sele- 
nide  of  silver.  It  occurs  in  masses  of  a  leaden  grey  colour,  and  is 
very  rare,  having,  hitherto,  been  found  only  in  Sweden :  selenide 
of  copper  may  be  formed  artificially  by  precipitating  the  sulphate 
of  copper  by  seleniuretted  hydrogen. 

(742)  Copper  forms  two  chlorides,  CugCl,  and  CuCl. 

The  Bichloride  (CuaCl,  Eq.  99,  Sp.  Gr.  3*376,)  is  obtained  by 
dissolving  4  parts  of  finely  divided  copper  and  5  of  the  black  oxide 
in  hydrochloric  acid ;  or  by  boiling  the  chloride  with  sugar ;  or  by 
digesting  the  chloride  in  close  vessels  with  metallic  copper  :  the  last 
is  a  slow  process,  but  part  of  the  dichloride  is  then  deposited  in 
transparent  tetrahedra.  Dichloride  of  copper  is  a  white  compound, 
which  is  insoluble  in  water,  but  soluble  to  some  extent  in  hydro- 
chloric acid,  with  which  it  forms  a  pale  brown  solution :  it  fuses 
easily  into  a  yellowish  mass.  Dichloride  of  copper  is  soluble  in  a 
boiling  solution  of  chloride  of  potassium;  and  if  the  liquid  be  allowed 
to  cool  excluded  from  the  air,  octohedral  crystals,  composed  of 
(2  KCl,  CugCl),  are  deposited.  When  the  solution  in  muriatic  acid 
is  exposed  to  the  air,  a  pale  bluish-green  insoluble  oxychloride  of 
copper  (CuCl,  3  CuO,  4  aq)  is  deposited.  This  oxychloride  is  used 
in  the  arts  as  a  pigment,  under  the  name  of  Brunswick  green.     It 
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is  best  procured  by  exposing  copper  clippings  to  the  action  of  liydro- 
chloric  acid,  or  to  a  solution  of  sal-ammoniac  in  the  open  air.  It 
occurs  native  in  the  form  of  a  green  sand,  composed  of  small 
rhombic  prisms,  which  is  found  at  Atacama  in  Peru ;  it  has  hence 
been  called  Atacamite.  Sometimes  it  is  also  found  massive.  Other 
oxy chlorides  of  copper  of  less  importance  may  also  be  formed. 

(743)  The  Chloride  (CuCl,  Eq.  67*2,  Sp.  Gr.  3'054,)  may  be  ob- 
tained by  the  spontaneous  combustion  of  copper  in  chlorine,  but  it 
is  more  advantageously  prepared  by  dissolving  the  oxide  or  the  car- 
bonate in  hydrochloric  acid.  A  concentrated  solution  of  chloride 
of  copper  is  of  a  green  colour,  but  it  becomes  blue  on  dilution,  and 
when  the  salt  is  anhydrous  it  is  liver-coloured.  When  heated  it 
fuses,  and  at  a  red  heat  half  its  chlorine  is  expelled,  and  the 
dichloride  remains ;  the  chloride  is  deliquescent,  and  very  soluble 
in  alcohol.  It  crystallizes  from  its  aqueous  solution  in  green 
needles  with  2  equivalents  of  water,  of  specific  gravity  2 "534. 

A  double  chloride  of  copper  and  ammonium  (H4NCl,CuCl,  2  aq) 
is  obtained  by  mixing  hot  concentrated  solutions  of  the  two  salts  in 
the  proportion  of  one  equivalent  of  each.  Anhydrous  chloride  of 
copper  rapidly  absorbs  ammonia  and  forms  a  blue  powder  (CuCl, 
3  H3N  ;  Rose),  w^hich  by  a  heat  of  300°  loses  2  equivalents  of 
ammonia,  and  becomes  green  (CuCl,  H3N ;  Kane) .  Graham  and 
Kane  regard  this  latter  compound  as  chloride  of  ammonium, in  which 
the  fourth  equivalent  of  hydrogen  has  its  place  occupied  by  copper ; 
hence  Graham  terms  it  chloride  of  cupr ammonium  (CuH3N,Cl). 

If  ammoniacal  gas  be  transmitted  through  a  concentrated  solu- 
tion of  chloride  of  copper,  till  the  precipitate  at  first  formed  is  redis- 
solved,  the  liquid  on  cooling  deposits  small  dark  blue,  square  prisms, 
and  octohedra,  (CuCl,  2  H3N,  aq). 

(744)  The  Diniodide  of  copper  (CugT,  aq),  is  a  white  insoluble 
powder,  which  becomes  yellow  when  heated.  It  is  formed  by 
pouring  a  mixture  of  i  equivalent  of  protosulphate  of  iron  and  i  of 
sulphate  of  copper  into  a  solution  of  any  iodide,  ^(CuO,  803)4- 
2(FeO,  S03)  +  KI  =  K0,  8034-^0203.  3  8O34-CU2I.  Sulphite  of 
soda  may  be  substituted  for  the  sulphate  of  iron  in  this  experi- 
ment. It  has  been  proposed  to  employ  such  a  mixture  of  the  two 
sulphates  of  iron  and  copper  as  a  test  for  determining  the  quantity 
of  iodine  in  kelp,  in  order  to  fix  its  commercial  value. 

The  dibromide  of  copper  is  also  insoluble  in  water. 

(745)  Sulphate  of  Copper,  Blue  Vitriol  (CuO,S03  +  5  aq),  Eq. 
79*7+45,  ^p.  Gr.  anhydrous  3'63i,  crystallized  Vig. — This  salt 
is  manufactured  on  a  large  scale,  by  boiling  copper  in  an  iron  pot 
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with  sulphuric  acid,  in  a  concentrated  form :  the  acid  is  decom- 
posed and  the  copper  is  oxidized  at  its  expense  whilst  the  salt  is 
precipitated.  It  may  also  be  formed  from  an  artificial  sulphide  of 
copper,  by  roasting  it  with  free  access  of  air,  and  lixiviating  the 
roasted  mass  to  dissolve  the  sulphate  thus  formed  :  the  heat  must 
be  moderate,  or  else  the  sulphate  would  be  decomposed  during 
the  roasting.  If  copper  pyrites  be  used  instead  of  the  artificial 
sulphide,  the  salt  will  contain  a  large  quantity  of  sulphate  of  iron, 
which  cannot  be  separated  by  crystallization.  The  only  plan  in 
such  a  case  is  feebly  to  ignite  the  mixed  sulphates  :  the  iron  parts 
with  its  acid  at  a  lower  temperature  than  the  copper,  and  by  a 
second  solution  the  iron  is  separated  in  the  form  of  an  insoluble 
oxide.  Sulphate  of  copper  is  also  obtained  in  considerable  quan- 
tity as  a  secondary  product  in  the  refining  of  silver :  the  silver 
is  precipitated  from  its  sulphate  in  the  metallic  form  by  plates  of 
copper,  and  a  pure  sulphate  of  copper  is  thus  furnished. 

Large  quantities  of  the  sulphate  of  copper  are  used  in  calico 
printing,  and  it  is  the  salt  from  which  most  of  the  pigments  of  copper 
are  formed.  It  is  soluble  in  4  times  its  weight  of  water  at  60°, 
and  crystallizes  in  beautiful  blue  crystals  of  an  oblique  rhombic 
form.  When  rendered  anhydrous  by  heat,  it  assumes  the  appear- 
ance of  a  white  powder,  which  becomes  blue  on  the  addition  of 
water  :  it  is  insoluble  in  alcohol.  When  heated  to  bright  redness 
the  acid  is  expelled,  and  black  oxide  of  copper  is  left. 

If  a  solution  of  i  equivalent  of  sulphate  of  copper  is  boiled  with 
less  than  i  equivalent  of  hydrated  oxide  of  copper,  a  green  inso- 
luble trisulphate  (3  CuO,  SO3,  2  aq)  is  formed.  Brochmitite  is  a 
native  subsulphate  of  the  metal,  composed  of  (4  CuO,S03  4-4  aq); 
and  Mr.  D.  Smith  obtained  a  subsulphate  consisting  of  (5  CuO, 
SO3  +  6  aq).  Sulphate  of  copper  forms  double  sulphates  both 
with  potash  and  with  ammonia;  they  are  easily  obtained  by 
mixing  solutions  of  the  salts  in  equivalent  proportions,  and 
allowing  them  to  crystallize.  The  potash  salt  is  composed  of 
(CuO,S03  +  KO,S03  4-(5  aq),  sp.  gr.  2*244;  the  ammonia  salt  of 
(CuO^SOg  +  H^NO,  SO34-6  aq),  sp.  gr.  i-89i.  According  to 
Graham,  a  hot  saturated  solution  of  double  sulphate  of  copper  and 
potash  deposits  a  double  salt,  the  composition  of  which  is  represented 
by  the  remarkable  formula  KO,S03  4-3  (CuO,  S03)  +  CuO,  4  HO. 

Anhydrous  sulphate  of  copper  absorbs  dry  ammoniacal  gas ; 
the  compound  consists  of  2  (CuO, S 03)4-5  H3N  (H.  Rose).  If 
ammonia  be  added  in  excess  to  a  solution  of  sulphate  of  copper, 
the   liquid  on   evaporation  yields    dark    blue  crystals,   CuO,S03, 

3s 
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2  H3N  +  HO  (Berzelius) ;  the  salt_,  when  heated  to  300°  F.^  becomes 
greeiij  losing  one  equivalent  of  ammonia  and  one  of  water. 

(746)  Nitrate  of  Copper  (CuO^NOgj  6  aq)_,  is  easily  made  by 
dissolving  copper  in  nitric  acid :  it  forms  a  beautiful  blue  efflores- 
cent salt^  which  crystallizes  in  rhomboidal  prisms.  Above  a  tem- 
perature of  60°  F.  it  crystallizes  in  deliquescent  needles  of  sp.  gr. 
2*047  ;  they  contain  3  equivalents  of  water.  It  is  very  soluble  in 
alcohol ;  by  heat  it  is  decomposed^  first  into  a  green  suhnitrate 
(CuO.NOs,  3  (CuO,  HO),  (Gerhardt,)  sp.  gr.  2*765),  which  is  iuso- 
luble  j  and  if  the  heat  be  increased,  it  is  converted  wholly  into  the 
black  oxide  of  copper,  the  whole  of  the  acid  being  expelled. 

Several  basic  phosphates  of  copper  are  found  native  in  small 
quantities. 

(747)  Carbonates  of  Copper. — All  attempts  to  procure  the 
neutral  carbonate  of  copper  have  hitherto  failed.  A  hydrated  oxy- 
carbonate,  called  Chessylite  (CuO,HO  +  2  (CuO,  CO2),  sp.  gr.  3*8), 
forms  a  beautiful  blue  mineral,  which  crystallizes  in  oblique  rhombic 
prisms.  But  the  most  abundant  of  the  carbonates  of  copper  is  the 
hydrated  dicarbonate  or  malachite  (CuO,HO  +  CuO,C02 ;  sp.  gr.  37 
to  4'o).  It  forms  a  very  hard  mineral  of  a  silky  lustre,  and  a  beau- 
tiful green  colour ;  it  is  susceptible  of  a  high  polish,  by  which  its 
concentric  and  often  beautifully  veined  structure  is  advantageously 
displayed.  It  is  often  employed  for  ornamental  purposes.  Malachite 
is  occasionally  found  in  oblique  prisms.  Both  the  blue  and  the 
green  carbonate  are  abundant  in  the  copper  ore  furnished  from  Aus- 
tralia. A  green  precipitate,  sometimes  used  as  a  pigment,  which 
has  the  same  composition  as  malachite,  may  be  obtained  by  mixing 
hot  solutions  of  sulphate  or  nitrate  of  copper  and  carbonate  of  soda. 
If  the  solutions  be  mixed  cold,  a  pale  blue  voluminous  precipitate 
is  formed,  which,  according  to  Brunner,  is  the  same  compound, 
with  an  additional  equivalent  of  water  (CuO,  HO  +  CuO,  CO2  + 
HO).  By  boiling  the  precipitated  carbonate,  it  becomes  first 
green  and  then  black,  losing  nearly  all  its  water  and  carbonic 
acid.  A  double  carbonate  of  potash  and  copper  (KO,  CO2  +  5  CuO, 
4  CO2+10  aq)  may  be  obtained  by  digesting  the  green  carbonate 
in  a  solution  of  bicarbonate  of  potash :  it  is  deposited  in  blue 
crystals  by  spontaneous  evaporation.  Similar  salts  may  also  be 
formed  with  soda  and  ammonia. 

(748)  Characters  of  the  Salts  of  Copper.— Most  of  the  salts 
of  copper  have  a  green  or  a  blue  colour  ;  they  are  almost  all  soluble. 
They  have  a  strong,  disagreeable,  metallic  taste,  and  act  as  poisons 
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to  the  animal  frame,  producing  violent  and  irrepressible  vomiting 
and  purging,  followed  by  exhaustion  and  death.  They  form  an 
insoluble  compound  with  albumen,  which  is  nearly  inert;  raw 
whites  of  eggs  should  therefore  be  administered  in  cases  of  poison- 
ing suspected  to  be  occasioned  by  this  metal.  Milk  or  sugar 
mixed  with  iron  filings,  by  reducing  the  salts  of  copper  to  salts  of 
the  dioxide,  or  to  the  metallic  state,  ai'e  also  valuable  adjuncts. 

The  salts  of  copper  are  easily  recognised  when  in  solution. 
Potash  and  soda  give  a  pale  blue  voluminous  precipitate  of  hydrated 
subsalt ;  an  excess  of  the  alkali  does  not  dissolve  it,  but  converts  it 
into  a  blue  hydrated  oxide,  which  becomes  black  and  anhydrous  when 
the  liquid  is  boiled  with  it.  If  sugar  or  tartaric  acid,  or  certain  other 
organic  substances  be  present,  the  blue  precipitate  is  redissolved  by 
an  excess  of  the  alkaline  liquid,  and  forms  a  blue  solution.  Ammonia 
gives  a  similar  blue  precipitate,  but  an  excess  of  the  alkali  redis- 
solves  it,  forming  a  deep  blue  solution,  which  is  very  characteristic. 
The  carbonates  of  potash  and  soda  give  a  pale  blue  hydrated  car- 
bonate, which  becomes  black  when  boiled  in  the  liquid.  Carbonate 
of  ammonia,  also,  gives  a  blue  precipitate,  but  redissolves  it  if 
added  in  excess,  forming  an  intensely  blue  solution.  Ferrocyanide 
of  potassium  yields  a  bulky  brown  precipitate.  Sulphuretted 
hydrogen  gives  even  in  acid  solutions  a  brownish-black  hydrated 
sulphide.  The  two  last  characters  distinguish  the  salts  of  copper 
from  those  of  nickel,  which  also  form  a  blue  solution  with  ammo- 
nia. Sulphide  of  copper  is  insoluble  in  ammonia,  or  in  hydrosul- 
phate  of  ammonia.  Another  characteristic  and  very  delicate  test 
of  the  presence  of  copper  is  afforded  by  the  action  of  a  polished 
plate  of  iron,  which,  in  a  feebly  acid  solution,  is  speedily  covered 
with  a  red  deposit  of  metallic  copper.  Zinc  precipitates  copper 
in  the  form  of  a  black  powder,  which  assumes  a  metallic  lustre 
under  the  burnisher.  If  heated  with  soda  on  charcoal  before  the 
blowpipe  in  the  reducing  flame,  a  metallic  bead  of  copper  may 
be  obtained  from  the  salts  of  the  metal,  which  may  be  recognised 
by  its  colour  and  its  malleability. 

In  cases  where  the  presence  of  copper  is  suspected  in  admix- 
ture with  organic  matters,  as  in  the  contents  of  the  stomach,  where 
it  is  supposed  to  have  acted  as  a  poison,  the  material  must  be 
reduced  to  dryness,  and  incinerated  in  an  earthen  crucible.  The 
ash  is  then  to  be  treated  with  nitric  acid,  and  the  liquid  is  tested 
with  ammonia,  with  ferrocyanide  of  potassium,  and  with  a  slip  of 
polished  iron. 

The  salts  of  copper  have  considerable  tendency  to  form  double 
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compounds  with  other  salts_,  and  frequently  subsalts  of  this  metal 
may  be  procured  with  various  acids  :  those  with  the  sulphuric 
nitric,  carbonic,  and  acetic  acids,  are  the  most  important. 

(749)  Estimation  of  Copper. — This  is  generally  effected  in  the 
form  of  the  black  oxide,  100  parts  of  which  correspond  to  79*82  of 
the  metal.  If  the  solution  contain  no  metal  precipitable  by  potash, 
an  excess  of  potash  is  added,  and  the  liquid  is  boiled ;  the  precipi- 
tate is  well  washed  with  boiling  water. 

Pelouze  [Ann.  de  Chimie,  III.  xvi.  426)  has  described  a  method 
of  estimating  the  quantity  of  copper,  by  bringing  it  into  solution 
with  excess  of  ammonia,  and  ascertaining  the  quantity  of  a  standard 
solution  of  sulphide  of  sodium  which  is  required  to  decolorize  the 
liquid.  The  process  is  rapid,  and  admits  of  being  applied  in  a 
large  number  of  cases. 

Copper  may  be  readily  separated  from  the  metals  of  the  first 
four  groups,  with  the  exception  of  cadmium,  by  the  action  of  sul- 
phuretted hydrogen.  The  precipitated  svilphide  of  copper  must  be 
washed  with  water  containing  sulphuretted  hydrogen  in  solution, 
in  order  to  prevent  its  oxidation  on  the  filter.  The  precipitate 
must  be  detached  from  the  filter,  redissolved  in  nitric  acid  (610), 
and  the  oxide  of  copper  precipitated  by  means  of  potash. 

If  cadmium  be  present,  Stromeyer  directs  that  the  precipitate  of 
the  mixed  sulphides,  obtained  by  transmitting  sulphuretted  hydro- 
gen through  the  liquid,  be  redissolved  by  nitric  acid,  and  preci- 
pitated by  an  excess  of  carbonate  of  ammonia,  which,  if  left  to 
stand  for  a  few  hours,  dissolves  the  copper,  but  leaves  the  cadmium 
in  the  form  of  carbonate. 

The  metals  of  the  fifth  group  are  separated  by  precipitating 
them  with  the  copper  as  sulphides,  and  then  digesting  the  mixed 
sulphides  with  a  solution  of  sulphide  of  potassium  (sulphide  of 
ammonium  dissolves  traces  of  copper);  the  sulphide  of  copper  alone 
remains  undissolved. 

The  separation  of  copper  from  bismuth  may  be  efi'ected  by 
means  of  carbonate  of  ammonia,  as  directed  for  cadmium. 

§  III.     Lead. 
Symbol,  Pb;  Equivalent ,  103*57;  Specific  Gravity,  11  "44. 

(750)  Almost  all  the  lead  of  commerce  is  obtained  from  galena, 
or  the  sulphide  of  lead.  It  occurs,  mixed  with  quartz,  blende, 
pyrites,  sulphate  of  baryta,  and  fluorspar,  in  veins  traversing  the 
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primitive  rocks,  and  particularly  in  the  clay  slate  in  Cornwall_,  and 
mountain  limestone  in  Cumberland.  England  and  Spain  furnish 
the  principal  supply  of  this  metal.  Small  quantities  of  carbonate 
and  phosphate  of  lead  are  frequently  met  with,  but  they  are  unim- 
portant as  ores  of  the  metal.  Galena  always  contains  a  small 
proportion  of  sulphide  of  silver ;  when  the  mineral  is  found  in  bold 
well-characterized  cubes,  it  is  usually  nearly  pure.  The  proportion 
of  silver  in  galena  is  liable  to  considerable  variation ;  a  mineral 
yielding  120  ounces  of  silver  to  the  ton,  or  036  per  cent.,  is 
considered  extremely  rich. 

(751)  Extraction. — After  the  lead  ore  has  been  raised  to  the 
surface,  it  undergoes  a  careful  mechanical  preparation,  conducted 
upon  the  principles  already  explained  (436),  and  having  been  thus 
freed  to  a  great  extent  from  its  earthy  impurities,  it  is  ready  for 
smelting. 

If  the  galena  be  tolerably  free  from  siliceous  gangue,  this 
operation  is  sufficiently  simple.  About  1  i  ton  of  the  dressed  ore 
is  mixed  with  from  4V  to  -ru  of  its  weight  of  lime,  and  is  heated  to 
dull  redness  in  a  reverberatory  furnace,  through  which  a  strong 
current  of  air  is  passing.  A  large  quantity  of  the  sulphur  burns 
off*  as  sulphurous  acid,  and  a  portion  of  oxide  of  lead  is  formed : 
another  portion  of  the  sulphide  of  lead  is  converted  into  sul- 
phate of  lead,  and  much  of  the  ore  still  remains  undecomposed. 
During  the  operation,  the  mass  is  frequently  stirred,  and  care 
is  taken  not  to  allow  the  temperature  to  rise  sufficiently  high  to 
fuse  it.  When  the  roasting  is  thought  to  have  been  carried  far 
enough,  the  materials  in  the  bed  of  the  furnace  are  thoroughly 
mixed  together,  the  furnace  doors  are  closed,  and  the  heat  is  sud- 
denly raised.  The  oxide  and  the  sulphate  of  lead  then  react  upon 
the  undecomposed  sulphide  of  the  metal ;  a  large  quantity  of  sul- 
phurous acid  is  evolved,  whilst  metallic  lead  runs  copiously  from 
the  mass.  The  successive  stages  of  this  operation  may  be  traced 
as  follows  : — 

One  equivalent  of  sulphide  of  lead,  by  combining  with  3  equi- 
valents of  oxygen,  furnishes  i  equivalent  of  oxide  of  lead  and  i  of 
sulphurous  acid,  as  is  exhibited  by  the  equation :  PbS  +  3  O  = 
PbO  +  SOa-  If  *^i^  equivalent  of  galena  unite  with  4  equivalents 
of  oxygen,  i  equivalent  of  sulphate  of  lead  is  formed  :  PbS  +4  0  = 
PbO)  SO3.  Both  of  these  compounds,  when  heated  with  fresh 
sulphide  of  lead,  are  decomposed,  metallic  lead  and  sulphurous 
acid  being  in  each  case  the  result  of  the  reaction.  Two  equivalents 
of  oxide  of  lead  and  i  of  galena  furnish  3  of  lead  and  i  of  sul- 
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pliuroTis  acid  :  3  PbO  +  PbS  =  3  Pb  +  SOg.  One  equivalent  of  sul- 
phate of  lead^  when  heated  with  i  of  galena^  yields  2  equivalents  of 
lead  and  2  of  sulphurous  acid  :  thus  PbS  +  PbO^  803  =  2  Pb  +  2SO21 
During  the  roasting  a  portion  of  subsulphide  of  lead^  V\^y  is  also 
produced.  This  substance  forms  a  fusible  matt^  which  flows  from  the 
furnace  with  the  metallic  lead_,  constituting  a  stratum  which  floats 
above  the  melted  metal.  This  subsulphide  of  lead  is  again  returned 
to  the  furnace  and  roasted  wdth  fresh  ore. 

After  the  melted  mass  has  been  drawn  off  into  cast-iron  basins 
placed  for  its  reception^  a  few  spadefuls  of  lime  are  thrown  in 
to  solidify  the  scoriae  which  remain  behind  in  considerable  quan- 
tity :  these  scoriae  usually  contain  an  excess  of  oxide  and  sulphate 
of  lead :  they  are  therefore  mixed  with  coke  or  charcoal_,  and 
exposed  to  heat  on  the  bed  of  the  furnace,  after  the  doors  have 
been  carefully  closed ;  the  lime  combines  with  the  acid_,  and  the 
oxide  of  lead  is  reduced  by  the  carbon. 

Refining  of  Lead. — Lead  which  contains  antimony  or  tin  is 
subjected  to  a  further  operation_,  termed  improving,  in  order  to 
refine  it.  This  consists  simply  in  melting  the  lead,  and  heating  it 
for  a  period,  longer  or  shorter,  as  may  be  necessary,  in  a  shallow 
cast-iron  pan  set  in  the  bed  of  a  reverberatory  furnace ;  the  anti- 
mony and  tin  being  more  oxidizable  than  the  lead,  are  thus  removed 
in  the  pellicle  of  oxide  which  is  continually  forming.  From  time 
to  time  the  workman  takes  out  a  small  sample  of  the  metal  to 
examine  the  appearance  which  it  presents  on  cooling.  As  soon  as 
it  exhibits  a  peculiar  flaky  crystalline  appearance  on  the  surface, 
the  oxidation  has  been  carried  far  enough,  and  the  metal  is  then 
run  off  and  cast  into  pigs. 

(752)  Concentration  of  Silver  in  Lead  by  Pattinson^s  process. — 
Silver  may  be  profitably  extracted  from  lead,  even  when  the  quan- 
tity does  not  exceed  from  three  to  four  ounces  of  silver  to  the  ton, 
by  a  process  introduced  by  Mr.  Pattinson,  of  Newcastle.  This 
gentleman  observed  that  if  melted  argentiferous  lead  be  briskly 
stirred  during  slow  cooling,  a  portion  of  the  metal  solidifies  first, 
in  the  form  of  crystalline  grains,  which  sink  to  the  bottom  of  the 
portion  which  remains  melted.  These  crystals  consist  of  lead 
nearly  free  from  silver ;  the  fusing  point  of  the  argentiferous  alloy 
occurring  at  a  lower  temperature  than  that  of  pure  lead.  This 
observation  is  turned  to  account  in  the  following  simple  manner : — 

Eight  or  nine  cast-iron  pots,  each  capable  of  containing  about 
five  tons  of  melted  lead,  are  arranged  in  a  row,  set  in  brickwork, 
and  each  provided  with  a  separate  fireplace  underneath.  A  quan- 
tity of  lead  is  introduced  into  the  middle  pot,  and  melted ;  the 
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fire  is  tlien  withdrawn,  and  the  metal  is  briskly  stirred  by  the 
workman  whilst  it  cools  :  the  crystals  of  lead  subside  as  they  form, 
and  are  removed  at  intervals  by  means  of  a  large  perforated  iron 
ladle,  and  transferred  to  the  next  pot  on  the  right  hand.  When 
about  *ths  of  the  metal  is  thus  removed  in  grains,  the  con- 
centrated argentiferous  alloy  is  ladled  out  into  the  next  pot  on  the 
left  hand  side,  and  the  empty  pot  is  charged  with  a  fresh  portion 
of  lead,  which  is  subjected  to  a  similar  treatment.  When  the  pot 
to  the  right  and  to  the  left  has  in  this  manner  received  a  sufficient 
quantity  either  of  poor  or  of  argentiferous  lead,  it  is  subjected  to 
a  similar  operation;  the  concentrated  argentiferous  portion  being 
passed  off  continually  to  the  next  pot  on  the  left,  whilst  the  crys- 
talline or  poorer  portion  is  handed  over  to  the  next  pot  on  the 
right  hand  side.  The  last  pot  to  the  left  thus  at  length  becomes 
filled  with  lead  which  may  contain  300  ounces  of  silver  to  the 
ton  ;  it  is  not  found  advantageous  to  concentrate  it  beyond  this 
point :  the  lead  which  accumulates  in  the  last  pot  on  the  right 
hand  side  does  not  contain  more  than  half  an  ounce  of  silver  in 
the  ton.  This  poor  lead  is  much  improved  in  quality  by  the  opera- 
tions which  it  has  undergone,  and  is  at  once  cast  into  pigs  for  the 
market. 

(y^^)  Extraction  of  Silver  from  Lead  by  Cupellation. — The 
rich  argentiferous  lead  is  now  subjected  to  cupellation.  This  pro- 
cess is  founded  upon  the  circumstance  that  lead,  if  exposed  at  a 
high  temperature  to  a  current  of  air,  rapidly  absorbs  oxygen,  and 
is  converted  into  a  fusible  oxide,  whilst  silver  does  not  become 
oxidized,  but  is  left  behind  in  the  metallic  state.  The  litharge  or 
oxide  of  lead  melts  at  a  high  temperature,  and  flows  off  the  convex 
surface  of  the  melted  metal,  and  thus  continually  exposes  a  fresh 
surface  of  lead  to  the  action  of  the  air. 

In  England  the  cupellation  is  performed  in  a  reverberatory 
furnace,  the  hearth  of  which  is  moveable.  This  hearth  or  cupel 
consists  of  an  oval  shallow  basin  composed  of  a  mixture  of  bone 
ash  with  a  little  wood  ashes ;  this  mixture  is  slightly  moistened, 
and  beaten  into  an  iron  ring  about  4  feet  in  its  long  diameter, 
and  2  feet  in  the  shorter  :  the  cupel  is  introduced  into  the  furnace 
from  beneath,  and  is  supported  by  bricks,  so  that  it  can  be  readily 
removed  and  renewed, — an  operation  which  is  generally  required 
once  a  week.  When  dry,  the  fire  is  cautiously  lighted  and  the 
lead  introduced  ;  a  continual  blast  of  air  from  a  tuyere  is  made  to 
play  over  the  surface  of  the  melted  metal ;  litharge  is  formed  abun- 
dantly, and  runs  off  through  a  gutter  for  the  purpose,  into  an  iron 
pot  placed  beneath  the  furnace  for  its  reception.      Fresh  lead  is 
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added  from  time  to  time  to  supply  the  place  of  tliat  wliicli  is 
oxidized  ;  until  at  length  a  quantity  of  lead_,  originally  amounting  to 
about  5  tons^  is  reduced  to  between  %  and  3  cwt.  This  melted  metal 
is  withdrawn  by  making  a  hole  through  the  bottom  of  the  cupel ; 
the  aperture  is  afterwards  closed  with  fresh  bone  ash^  and  another 
charge  is  proceeded  with.  When  a  quantity  of  rich  lead  sufficient 
to  yield  from  3000  to  5000  ounces  of  silver^  has  thus  been  ob- 
tainedj  it  is  again  placed  in  a  cupel^  and  the  last  portions  of  lead 
are  removed.  It  is  found  advantageous  to  effect  this  final  purifi- 
cation on  the  concentrated  silver  lead  separately^  because  in  the  last 
stages  of  the  operation  the  litharge  carries  a  good  deal  of  silver 
down  with  it :  these  portions  of  litharge,,  therefore^  on  being 
reduced^  are  again  subjected  to  the  desilvering  process. 

The  litharge  from  the  first  fusion  is  either  sold  as  oxide  of 
lead,  or  it  is  reduced  in  a  small  reverberatory  furnace  with  an- 
thracite, or  powdered  coal.  The  porous  cupels  absorb  a  large 
quantity  of  litharge,  and  they  likewise  are  passed  through  the 
furnace  in  order  to  extract  the  metal. 

A  very  beautiful  phenomenon,  known  as  ihe  fulguration  of  the 
metal,  attends  the  removal  of  the  last  portions  of  lead  from  the 
silver.  During  the  earlier  stages  of  the  process  the  film  of  oxide  of 
lead,  which  forms  constantly  over  the  surface  of  the  melted  mass, 
is  renewed  as  rapidly  as  it  is  removed;  but  when  the  lead  has  all 
been  oxidized,  the  film  of  litharge  upon  the  silver  becomes  thinner 
and  thinner  as  it  flows  off;  it  then  exhibits  a  succession  of  the 
beautiful  iridescent  tints  of  Newton^s  rings ;  and  at  length  the 
film  of  oxide  suddenly  disappears,  and  reveals  the  brilliant  surface 
of  the  metallic  silver  beneath. 

In  the  Hartz  the  hearth  of  the  cupellation  furnace  is  fixed, 
and  is  made  of  brick,  covered  with  marl,  which  is  renewed  after 
each  operation,  but  the  cover  of  the  furnace  is  moveable. 

(754)  In  the  North  of  England,  the  galena  is  smelted  by  a 
process  somewhat  difierent :  the  ore  is  first  roasted,  and  then 
reduced  in  a  small  square  blast  furnace,  or  forge  hearth,  dried 
peat  being  the  fuel  principally  employed.  This  form  of  furnace  is 
known  as  the  Scotch  furnace. 

In  some  parts  of  the  Hartz,  where  the  ores  are  largely  mixed 
with  siliceous  matters,  the  English  method  of  smelting  is  not  ap- 
plicable, as  the  silica  combines  with  oxide  of  the  lead,  and  forms  a 
fusible  slag.  It  is  found  necessary  in  these  cases  to  reduce  the 
sulphide  of  lead  by  means  of  metallic  iron,  which  is  added  in  the 
form  of  granulated  cast-iron,  in  the  proportion  of  about  i  part  of 
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iron  to  20  of  pure  galena.  The  fusion  is  performed  in  a  small 
blast  furnace_,  about  20  feet  high,  and  3  feet  across  at  the  widest 
part. 

In  these  various  furnace  operations  -white  fumes  are  continualJy 
disengaged,  which  consist  principally  of  oxide  and  sulphide  of 
lead,  and  are  technically  termed  froth  of  lead ;  and  in  this  way 
nearly  \  of  the  whole  lead  is  volatilized.  Independent  of  the 
waste  thus  occasioned,  the  fumes  are  highly  deleterious ;  it  is 
therefore  of  great  importance  to  prevent  their  difiusion  through  the 
air  as  far  as  possible.  It  is  stated,  that  in  the  Hartz  about  yV  of 
the  volatilized  portion  is  arrested  by  causing  the  gases  from  the 
furnaces  to  pass  through  a  succession  of  condensing  chambers, 
before  they  finally  escape  into  the  air.  About  55,000  tons  of  lead 
are  annually  raised  in  England,  which  furnish,  on  an  average, 
150,000  oz.  of  silver. 

^155)  Pt^operties. — Lead  is  a  bluish-white  metal,  so  soft  that 
it  may  easily  be  made  to  take  impressions;  it  leaves  a  streak 
upon  paper,  and  may  be  cut  with  the  nail.  It  may  be  laminated 
into  tolerably  thin  sheets,  as  well  as  drawn  into  wire ;  but  both 
in  ductility  and  tenacity  it  is  low  in  the  scale.  It  fuses  at  620° 
(Person),  and  may  with  some  difficulty  be  obtained  in  cubic  or 
in  octohedral  crystals  as  it  cools.  Lead  contracts  considerably  at 
the  moment  of  its  solidification,  and  it  is  therefore  not  well  adapted 
for  castings.  It  appears  to  have  the  power  when  melted  of  dis- 
solving a  small  quantity  of  oxide  of  lead,  by  which  the  hardness  of 
the  metal  is  much  increased  (Pelouze  and  Fremy) ;  but  its  softness 
may  be  restored  by  keeping  it  melted  under  charcoal  for  some 
time,  with  occasional  agitation.  It  is  an  inferior  conductor  of 
heat  and  electricity. 

{"JS^)  Combined  Action  of  Air  and  Water  on  Lead.  — The  surface 
of  a  piece  of  lead  when  freshly  cut  presents  a  high  metallic  lustre, 
but  it  soon  tarnishes  by  exposure  to  air,  owing  to  the  formation 
of  a  thin,  closely  adhering  film  of  oxide,  which  protects  the  metal 
from  further  change.  Lead  undergoes  no  alteration  in  a  perfectly 
dry  atmosphere,  and  even  when  sealed  up  in  a  vessel  of  pure 
water,  which  has  been  boiled  for  some  time  to  expel  the  air,  the 
metal  will  retain  its  brilliancy  for  an  indefinite  period,  but  if 
it  be  exposed  to  the  united  action  of  air  and  pure  water,  it  is 
subject  to  a  powerful  corrosion.  As  the  result  of  this  exposure 
the  lead  becomes  oxidated  at  the  surface,  the  water  dissolves  the 
oxide  of  lead ;  this  solution  absorbs  carbonic  acid,  a  film  of  hy- 
drated  oxycarbonate  of  lead  (PbO,  HO  +  PbO,  CO2)  is   deposited 
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in  silky  scales^  and  a  fresh  portion  of  oxide   is  formed  and  dis- 
solved by  the  water;  thus  a  rapid  corrosion  of  the  metal   takes 
place.       This  action  is  modified  very  materially  by  the  presence 
of  various  salts  in  the  water^  even  though  the  quantity  of  these 
salts  may  not  exceed  3  or  4  grains  in  the  gallon.     The  corrosion  is 
much  increased  by  the  chlorides  and  nitrates^  but  it  is  diminished 
by  the  sulphates_,  the  phosphates^  and  the  carbonates.    Oxide  of  lead^ 
indeed^  is  scarcely  soluble  in  water  which  contains  these  salts  in 
solution.       Bicarbonate  of  lime  is  especially  remarkable  for  the 
preservative  influence  which  it  exerts^  and  as  this  latter  is  a  very 
usual  impurity  in  water_,  few  spring  waters  act  on  the   metal   to 
any  dangerous  extent.      In  these  cases  a  film  of  insoluble  carbo- 
nate of  lead  is  formed  upon  the  surface^  and  the  metal   beneath 
is  protected  from  further  injury.      The  action  of  water   on   lead 
is  a  matter  of  great  importance  in  its  sanitary  bearings^  on  account  of 
the  extensive  employment  of  this  metal  in  cisterns  and  pipes  for  the 
storage  and  supply  of  water.     Rain  water  as  collected  from  the  roofs 
of  houses_,  is  for  the  most  part  sufficiently  impure,  especially  in  large 
towns,  to  prevent  its  action  upon  the  metal.      Of  all  the  salts  of 
lead  the  hydrated  oxy carbonate  is  the  least   soluble,   pure  water 
not  taking  up  more  than   i  part    in    4  millions,    or    about  eVth 
of  a  grain  per  gallon.      If  a  solution  of  oxide  of  lead  in  distilled 
water,  containing  4  or  5  grains  to  the  gallon,  be  exposed  to  the 
air,  it  soon    becomes   filled  with   silky  crystals   of  the  hydrated 
oxycarbonate,  owing  to  the  absorption  of  carbonic  acid;   and   in 
a  few  hours  the  water  does  not  contain  more  than  t^^^o^o^  of  the 
metal  in  solution.      Water  highly  charged  with  carbonic  acid  may 
nevertheless  dissolve  lead  to   a  dangerous   extent,   owing  to   the 
solubility  of  carbonate  of  lead  in  excess  of  carbonic  acid ;   when 
water  thus  impregnated  with  lead  is  boiled,  the  gas   is  expelled, 
and  the  carbonate  subsides.      So  general,  however,  is  the   action 
of  water  upon  lead,  that  it  is  rare  to  find  any  that  has  been  kept 
in  cisterns  of  this  metal  perfectly  free  from  all  traces  of  it.     Slate 
cisterns  are  therefore  greatly  to  be  preferred  to  leaden  ones. 

At  high  temperatures,  lead  absorbs  oxygen  rapidly  from  the 
air;  it  undergoes  partial  volatilization,  and  emits  white  fumes  of 
oxide.  It  is  not  acted  upon  by  sulphuric  or  hydrochloric  acid 
at  ordinary  temperatures,  and  but  slightly  even  when  boiled  with 
them  ;  but  it  is  dissolved  with  extrication  of  bin  oxide  of  nitrogen 
by  nitric  acid,  especially  when  the  acid  is  somewhat  diluted.  The 
alkalies  do  not  exercise  any  decided  influence  upon  it.  In  the 
presence  of  moisture,  lead  is  corroded  when  in  contact  with  sul- 
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phate  of  lime  i  hence  in  its  application  to  architectural  purposes, 
the  contact  of  stucco  or  plaster  with  lead  should  be  avoided. 

The  lead  of  commerce  is  often  nearly  pure.  The  purest  speci- 
mens are  the  softest.  Traces  of  tin,  iron,  copper,  and  silver,  and 
sometimes  of  antimony  and  manganese,  are  the  impurities  which 
are  most  often  observed.  In  order  to  obtain  it  perfectly  pure,  it 
should  be  reduced  with  black  flux  from  the  oxide  left  by  igniting 
the  pure  nitrate  of  the  metal. 

(757)  From  its  softness,  fusibility,  durability,  and  the  ease  with 
which  it  may  be  worked,  lead  is  applied  to  a  multiplicity  of  uses. 
The  reception  chambers  in  the  manufacture  of  sulphuric  acid  are 
lined  with  it.  It  forms  the  ordinary  material  for  cisterns,  water- 
pipes,  and  gutters,  and  is  frequently  employed  in  covering  the 
roofs  of  houses.  In  combination  it  is  also  very  largely  employed. 
The  red  oxide  enters  in  large  proportion  into  the  constitution  of  flint 
glass.  The  carbonates,  the  oxychlorides,  and  the  chromates  are 
extensively  used  as  pigments,  and  its  alloys  are  numerous  and  im- 
portant. Shot  for  fowling-pieces  is  an  alloy  of  lead,  with  a  small 
proportion  of  arsenic,  which  hardens  it  and  facilitates  its  granula- 
tion into  globules ;  the  quantity  of  arsenic  varies  with  the  purity 
and  softness  of  the  lead ;  usually  it  requires  from  3  to  8  parts  in 
1000.  The  common  white  arsenic  of  the  shops  is  added  to  the 
lead,  melted  in  a  covered  vessel,  the  arsenious  acid  is  reduced  by 
the  lead,  and  the  oxide  of  lead  thus  formed  rises  as  a  film  to  the 
surface  of  the  alloy. 

When  alloyed  with  about  one-fourth  its  weight  of  antimony, 
lead  forms  type  metal.  This  alloy  is  sufiiciently  fusible  to  allow 
of  its  being  readily  cast ;  it  expands  at  the  moment  of  solidifica- 
tion, and  copies  the  mould  accurately ;  it  is  hard  enough  to  bear 
the  action  of  the  press,  and  yet  not  so  hard  as  to  cut  the  paper. 
The  ordinary  fusible  metal  contains  lead,  as  do  the  various  com- 
pounds called  pewter,  Britannia  metal,  and  Queen's  metal.  The 
solder  used  by  tinplate  workers  and  plumbers  is  a  mixture  of 
lead  and  tin  (676). 

(758)  Compounds  of  Lead  with  Oxygen. — Lead  forms  4  oxides ; 
— an  unimportant  black  dioxide,  PbaO  ;  a  protoxide,  PbO,  which  is 
the  basis  of  the  ordinary  salts  of  the  metal ;  a  binoxide,  Pb02, 
which  is  insoluble  in  acids ;  and  red  lead,  which  is  a  compound  of 
the  two  oxides  last  mentioned,  usually  in  the  proportions  indicated 
by  the  formula  (2  PbO,  PbOg). 

Protoxide  of  Lead  (PbO),  Eq.  11 1*57  ;  Sp.  Gr.  9*2  to  9-5. — 
This  oxide   is   well  known  mider  the  name  of  litharge :  it  is  the 
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only  salifiable  oxide  of  lead.  Its  colour  varies  according  to  the  mode 
of  its  preparation.  Usually  it  is  obtained  on  a  large  scale  by  tlie  oxi- 
dation of  lead  in  a  current  of  air,  in  which  case  it  forms  a  scaly  mass, 
which,  if  of  a  yellow  colour,  is  commonly  termed  litharge  of  silver;  if 
redder,  it  is  termed  litharge  of  gold.  The  former  is  the  purer,  as 
the  red  colour  is  due  in  many  cases  to  the  presence  of  a  small 
quantity  of  minium.  If  the  oxidation  be  effected  at  a  temperature 
below  that  required  for  the  fusion  of  the  oxide,  a  yellow  powder 
termed  massicot  is  obtained.  Common  litharge,  when  reduced  to 
a  fine  powder,  also  has  a  dull  yellow  colour;  when  heated,  it 
assumes  a  brown-red  colour,  which  disappears  again  as  it  cools. 
Protoxide  of  lead  may  be  obtained  of  a  beautiful  rose  colour,  by 
saturating  a  hot  solution  of  caustic  soda,  of  sp.  gr.  1*42,  with 
the  oxide ;  as  the  liquid  cools,  anhydrous  rose-coloured  crystals 
are  deposited.  If  the  solution  of  oxide  of  lead  in  caustic  soda  be 
allowed  to  evaporate  spontaneously  by  exposure  to  the  air,  the 
alkali  gradually  absorbs  carbonic  acid,  and  the  oxide  is  deposited 
in  transparent  anhydrous  dodecahedral  crystals. 

If  a  salt  of  lead  be  precipitated  by  the  addition  of  a  caustic 
alkali,  in  slight  excess,  the  oxide  of  lead  is  precipitated  in  the 
form  of  a  white  hydrate  (2  PbO,  HO).  Another  hydrate  (3  PbO, 
HO)  may  be  obtained  in  groups  of  transparent  octohedrons,  or 
of  4-sided  prisms  mixed  with  anhydrous  crystals,  by  precipitat- 
ing solution  of  triacetate  of  lead  by  an  excess  of  ammonia,  at  a 
temperature  of  86°  F. 

Both  litharge  and  the  hydrated  oxide  of  lead  absorb  carbonic 
acid  readily  from  the  atmosphere. 

Protoxide  of  lead  fuses  at  a  heat  above  redness,  and  crystallizes 
on  cooling  in  semi-transparent  scales.  When  fused,  it  combines 
rapidly  with  the  earths  and  with  silica,  speedily  destroying  and 
penetrating  the  crucibles  in  which  it  is  melted.  The  oxide  is 
slightly  soluble  in  water,  to  which  it  communicates  an  alkaline 
reaction.  The  presence  of  a  very  small  quantity  of  saline  matter 
diminishes  or  prevents  the  solution  of  the  oxide  ;  the  solution 
rapidly  absorbs  carbonic  acid  from  the  air,  and  mere  filtration  in 
many  cases  causes  the  deposition  of  a  large  portion  of  the  oxide 
in  the  form  of  hydrated  oxycarbonate. 

Oxide  of  lead  is  soluble  in  solutions  of  the  caustic  alkalies, 
and  forms  compounds  with  the  alkalies  and  alkaline  earths,  which 
have  been  obtained  in  crystals ;  they  are,  however,  decomposed  by 
simple  exposure  to  the  atmosphere,  owing  to  the  absorption  of  car- 
bonic acid.      The  solution  of  the  oxide  in  lime  water  is  sometimes 
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used  as  a  hair  dye  :  the  lime  softens  and  partially  decomposes  the 
hair,  and  the  lead  of  the  oxide  combining  with  the  sulphur  of  the 
hair  forms  sulphide  of  lead,  which  stains  the  hair  of  a  permanent 
black. 

Oxide  of  lead  is  a  powerful  base.  It  has  a  strong  tendency 
to  form  subsalts ;  those  which  it  yields  with  acetic  acid,  and  some 
of  those  with  nitric,  acid  are  soluble ;  they  exert  a  strong  alkaline 
reaction  upon  test  paper,  and  absorb  carbonic  acid  with  avidity. 
Indeed,  owing  to  the  very  sparing  solubility  of  the  basic  carbonate 
of  lead,  a  solution  of  a  subsalt  of  lead  is  the  most  delicate  test  for 
the  presence  of  carbonic  acid,  either  in  a  gas  or  in  distilled  water; 
a  mere  trace  of  carbonic  acid  occasions  the  formation  of  the  peculiar 
silky  crystalline  precipitate  which  characterizes  the  basic  hydrated 
carbonate  of  lead. 

(759)  Minium  or  Red  Lead  is  a  compound  of  protoxide  of  lead 
with  the  peroxide  of  the  metal.  Its  most  usual  composition  is 
represented  by  the  formula,  2  PbO,  Pb02,  but  it  was  obtained  by 
Berzelius  as  PbO,  Pb02,  and  well  crystallized  samples  have  been 
formed,  which  consisted  of  3  PbO,  PbOg.  All  these  compounds 
possess  a  brilliant  red  colour. 

Red  lead  is  obtained  by  heating  metallic  lead,  so  as  first  to 
procure  the  protoxide  or  massicot,  keeping  the  temperature  below 
the  fusing  point  of  the  oxide ;  the  oxide  so  obtained  is  finely  levi- 
gated in  water,  and  the  particles  which  are  held  in  suspension  are 
allowed  to  subside,  dried,  and  exposed  in  iron  trays,  to  a  heat  of 
about  600°  F.,  in  a  reverberatory  furnace.  The  additional  quan- 
tity of  oxygen  is  gradually  absorbed.  The  principal  use  of  red 
lead  is  in  the  manufacture  of  flint  glass.  Much  care,  however,  is 
required  in  the  preparation  of  minium  for  this  purpose.  It  is 
necessary  that  it  should  be  free  from  the  oxides  of  other  metals, 
which  would  impart  colour  to  the  glass.  In  the  oxidation  of  the 
lead,  which  constitutes  the  first  stage  in  the  preparation  of  red 
lead,  the  metals  which  are  more  oxidizable  than  lead  are  removed 
with  the  first  portions  of  oxide :  whilst  the  copper  and  silver  accu- 
mulate in  the  portions  of  oxide  which  are  produced  last.  The 
intermediate  stage  of  the  operation  is  therefore  that  which  fur- 
nishes the  purest  oxide.  Minium  is  better  suited  to  the  glass 
maker  than  litharge,  as  the  excess  of  oxygen  burns  ofi:'  any  com- 
bustible matter  which  may  accidentally  be  present,  and  converts 
the  protoxide  of  iron  into  peroxide.  Other  less  important  applica- 
tions of  red  lead  are  to  the  colouring  of  red  sealing  wax,  and  to 
paper  staining. 
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If  minium  be  exposed  to  a  high  temperature  it  is  decomposed^ 
oxygen  is  evolved,  and  the  protoxide  of  lead  remains.  Minium  is 
insoluble  in  the  acids,  but  by  many  of  them,  especially  by  nitric 
acid,  it  is  decomposed ;  a  salt  of  the  protoxide  is  formed,  and  the 
brown  peroxide  of  lead  remains  behind. 

(760)  Peroxide  of  Lead  (PbOg),  Eq.  119-57. — This  compound 
is  insoluble  in  water  and  in  acids ;  it  is  converted  by  heat  under  dis- 
engagement of  oxygen  into  the  protoxide  ;  sulphurous  acid  in- 
stantly decomposes  it,  forming  sulphate  of  the  protoxide;  PbOg  + 
S02  =  PbO,  SO3.  If  digested  in  ammonia,  mutual  decomposition 
occurs,  water,  nitrate  of  ammonia,  and  protoxide  of  lead  are  formed. 
With  hydrochloric  acid  a  chloride  of  lead  is  produced,  and  chlorine 
is  set  free.  If  mixed  with  -J-  of  its  weight  of  sulphur,  the  mixture  takes 
fire  by  friction;  sulphurous  acid  and  sulphide  of  lead  being 
produced. 

Peroxide  of  lead  appears  to  possess  the  properties  of  a  feeble 
acid.  By  fusing  the  pure  peroxide  with  excess  of  caustic  potash  or 
of  soda,  in  a  silver  crucible,  and  dissolving  the  residue  in  a  small 
quantity  of  hot  water,  crystals  of  plumbate  of  potash  or  of  soda 
are  formed  as  the  solution  cools :  plumbate  of  potash  consists  of 
K0,Pb02,  3  aq  (Fremy).  Pure  water  decomposes  these  compounds, 
and  the  peroxide  of  lead  subsides.  Like  the  peroxides  of  silver 
and  of  manganese,  the  peroxide  of  lead  is  a  conductor  of  electricity, 
and  is  formed  at  the  zincode  of  the  battery  when  aqueous  solu- 
tions of  the  protosalts  of  lead  are  decomposed  by  the  voltaic 
current.  Peroxide  of  lead  is  usually  prepared  by  levigating  minium 
very  finely,  and  digesting  the  powder  in  boiling  nitric  acid,  diluted 
with  4  or  5  times  its  bulk  of  water ;  the  residue  is  washed  with 
fresh  nitric  acid,  and  then  with  water,  till  everything  soluble  is 
removed.  It  may  also  be  obtained  by  gently  heating  a  mixture 
of  4  parts  of  litharge  in  fine  powder,  with  i  of  nitrate  of  potash, 
and  washing  the  product  with  water. 

(761)  Compounds  of  Sulphur  with  Lead. — The  most  important 
of  these  is  the  protosulphide,  PbS,  the  galena  of  mineralo- 
gists. Besides  this,  a  subsulphide,  PbaS,  is  formed  as  the  lead  matt 
in  reducing  galena,  and  a  red  persulphide  is  also  obtainable,  though 
its  composition  is  not  accurately  known.  This  persulphide  is  pro- 
cured by  adding  a  solution  of  an  alkaline  persulphide  to  a  solution 
of  a  salt  of  lead. 

Protosulphide,  or  Galena  (PbS);  Eq,  ii9'57;  Sp.  Gr.  7*59. 
— Galena  is  an  abundant  mineral,  and  forms  the  principal  ore  of 
lead;  it  is  a  brittle  substance,  and  is  found  crystallized,  more  or 
less  distinctly,  in  cubes  of  a  deep  leaden  colour  and  strong  metallic 
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lustre.  It  may  be  formed  artificially  either  by  fusing  lead  with 
sulphur  or  by  precipitating  any  of  its  salts  by  sulphuretted  hydro- 
gen. When  heated  in  close  vessels,  part  of  the  sulphur  is  expelled, 
and  a  subsulphide  (PbgS)  left;  this  subsulphide  is  formed  on  the 
large  scale  in  the  process  for  reducing  galena;  it  is,  however, 
decomposed  by  a  moderate  heat,  as  the  lead  melts  out  in  the 
metallic  form,  leaving  the  protosulphide,  which,  though  fusible,  is 
less  so  than  the  metal  itself.  Galena,  when  heated  in  contact  with 
air,  is  oxidated,  part  of  the  sulphur  burns  off,  and  a  mixture  of 
oxide  of  lead  and  sulphate  of  lead  is  formed.  Nitric  acid  and  aqua 
regia  decompose  it,  converting  it  into  sulphate :  hydrochloric  acid 
acts  but  slowly  upon  it.  When  fused  with  lime  or  the  alkalies, 
metallic  lead  is  obtained.  If  heated  with  oxide  of  lead  or  of  iron, 
it  is  reduced  with  escape  of  sulphurous  acid. 

(762)  Chloride  of  Lead  (PbCl,  Eq.  139,)  is  best  prepared  by 
precipitating  a  solution  of  nitrate  of  lead  by  the  addition  of  solution 
of  chloride  of  sodium  ;  a  sparingly  soluble,  white,  heavy  precipitate 
occurs.  It  is  soluble  in  about  '^'^  parts  of  boiling  water,  but  it  is 
taken  up  more  sparingly  if  an  excess  of  hydrochloric  acid  be 
present.  It  is  easily  fusible  into  a  semi-transparent,  horny,  sectile 
mass,  and  at  high  temperatures  may  be  volatilized  ;  the  alkalies 
at  first  convert  it  into  an  oxychloride,  and  if  the  action  be  pro- 
longed, into  pure  oxide. 

The  chloride  combines  with  oxide  of  lead  in  several  proportions. 
One  of  these  forms  a  white  fusible  colourless  mineral  (PbCl, 
2  PbO),  which  is  found  in  the  Mendip  Hills.  Mr.  Pattinson 
manufactures  a  white  oxychloride  of  lead  by  acting  on  powdered 
galena  with  hydrochloric  acid.  The  chloride  of  lead  thus  ob- 
tained is  dissolved  in  hot  water  and  precipitated,  by  the  addition 
of  lime  water,  in  quantity  just  sufficient  to  remove  half  the 
chlorine ;  CaO  +  2  PbCl  =  CaCl  +  PbO,  PbCl.  This  oxychloride 
(PbO,  PbCl),  has  been  used  to  some  extent  as  a  pigment  instead 
of  white  lead.  Another  oxychloride  (PbCl,  7  PbO)  is  a  pigment 
of  some  importance,  known  under  the  name  of  patent  yellow,  or 
Turner^ s  yellow;  it  forms  a  very  fusible  compound  of  a  bright 
yellow  colour,  which  may  be  obtained  by  heating  together  i  part  of 
sal  ammoniac  and  10  of  litharge. 

When  an  acid  solution  of  chloride  of  lead  is  precipitated  by  a 
current  of  sulphuretted  hydrogen,  the  precipitate  which  is  first 
formed  is  of  a  bright  red  colour,  but  by  the  further  action  of  the 
gas  it  becomes  black,  and  furnishes  sulphide  of  lead  :  the  red  com- 
pound is  a  chlorosulphide  of  lead  (3  PbS,  2  PbCl) . 

(763)  Iodide  of  Lead  (Pbl),  Eq,  230*5,  is  easily  obtained  by 
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precipitating  the  nitrate  or  acetate  of  lead  by  iodide  of  potassium; 
it  is  thrown  down  as  a  bright  yellow  powder_,  sparingly  soluble  in 
cold  water^  but  more  soluble  in  hot  water;  the  solution  deposits 
beautiful  yellow  spangles  of  silky  lustre  on  cooling. 

The  iodide  of  lead  forms  double  salts  with  the  iodides  of  the 
alkaline  metals.      Several  oxyiodides  of  lead  may  also  be  formed. 

A  remarkable  compound  of  oxy iodide  of  lead  with  carbonate  of 
lead  (Pbl,  PbOI)+4(PbO,C02),  of  a  blue  colour,  may  be  ob- 
tained by  precipitating  the  tribasic  acetate  of  lead  with  a  mixture 
of  I  equivalent  of  biniodide  of  potassium  and  4  equivalents  of  car- 
bonate of  potash.      Fluoride  of  lead  is  white  and  insoluble. 

(764)  Sulphate  of  Lead,  (PbO.SOg),  Eq.  151*57;  Sp.  Gr.6'^0. 
— This  compound  occurs  native  in  white^  prismatic^  or  octohedral 
crystals;  it  is  also  found  in  combination  with  carbonate  of  lead. 
When  procured  artificially^  it  forms  a  white  powder_,  slightly  soluble 
in  nitric  acid^  considerably  so  in  a  solution  of  acetate  of  ammonia 
of  sp.  gr.  I  '060^  or  upwards.  The  other  salts  of  ammonia  possess 
the  same  property,  but  to  a  smaller  extent.  They  form  double 
salts  with  the  sulphate  of  lead,  and  these  compounds  are  slightly 
soluble.  Sulphate  of  lead  dissolves  also,  to  some  extent,  in  con- 
centrated sulphuric  acid,  but  it  is  insoluble  in  pure  water.  It  may 
be  obtained  by  adding  sulphuric  acid,  or  a  solution  of  any  sulphate, 
to  a  solution  of  one  of  the  salts  of  lead.  Like  all  the  insoluble 
compounds  of  this  metal,  it  is  gradually  decomposed  by  sulphu- 
retted hydrogen ;  a  black  sulphide  of  lead  is  formed,  and  the  acid 
is  set  free.  Before  the  blowpipe  it  yields  metallic  lead  in  the  re- 
ducing flame. 

(765)  Nitrates  of  Lead. — Oxide  of  lead  combines  with  nitric 
acid  in  several  proportions,  viz.  :  PbOjNOg ;  2  PbO,]N'05 ;  3  PbO, 
NO5,  and  6  PbO,  NO5. 

Nitrate  of  Lead  (PbO,  NO.),  Eq.  i6r^'^j. — This  salt  is  easily 
formed  by  dissolving  litharge  or  metallic  lead  in  excess  of  nitric  acid 
somewhat  diluted ;  it  crystallizes  in  regular  anhydrous  octohedra, 
which  are  sometimes  transparent,  but  more  commonly  milk  white 
and  opaque.  It  is  soluble  in  about  8  parts  of  cold  water,  and 
insoluble  in  alcohol.  If  heated  to  redness,  it  fuses  and  is  decom- 
posed ;  oxygen,  and  peroxide  of  nitrogen  (NOJ,  in  the  anhydrous 
state,  are  evolved  (309),  while  protoxide  of  lead  remains.  Caustic 
ammonia  if  added  to  a  solution  of  the  nitrate,  in  quantity  insufii- 
cient  to  combine  with  the  whole  of  the  acid,  throw^s  down  a  sparingly 
soluble  dinitrate  of  lead  {2  PbO,  NO5).  This  salt  may  be  also  pro- 
cured by  boiling  the  neutral  nitrate  with  litharge.      It  is  deposited 
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from  its  solution  in  hot  water,  in  small  opaque  anhydrous  crystals, 
which  decrepitate  forcibly  when  heated.  By  precipitating  the 
nitrate  with  a  slight  excess  of  ammonia,  a  trisnitrate  is  formed, 
which  falls  as  a  white  powder,  containing  i  i  equivalents  of  water  ; 
by  adding  a  large  excess  of  ammonia  to  the  neutral  nitrate, 
a  hexanitrate  is  formed ;  it  also  contains  i  ^  equivalents  of  water 
(Berzelius). 

(766)  Nitrites  of  Lead. — The  action  of  metallic  lead  on  a  solution 
of  the  nitrate  of  lead  is  remarkable ;  the  acid  of  the  neutral  salt 
imparts  oxygen  to  the  metal,  which  is  dissolved,  whilst  subsalts  of  the 
lower  oxides  of  nitrogen  are  produced.  Several  of  these  com- 
pounds may  be  obtained;  the  composition  of  the  subsalt  varying 
according  to  the  proportions  of  the  neutral  nitrate  and  of  the  metal 
employed.  When  a  solution  of  i66  parts  or  i  equivalent  of 
nitrate  of  lead,  is  heated  to  about  140°  F.,  with  104  parts  or  i 
equivalent  of  metallic  lead,  perfect  solution  takes  place,  and  a  salt 
having  the  formula  (2  PbO,  NO4,  aq),  crystallizes  on  cooling  in 
yellow  plates;  for  PbO,  N05  +  Pb  =  2  PbO,  NO^.  If  i^  equi- 
valent of  lead  be  employed  instead  of  1  equivalent,  another  salt, 
composed  of  (7  PbO,  HO,  NO4,  2  aq)  crystallizes  in  heavy  orange- 
red  needles.  By  boiling  a  very  dilute  solution  of  the  nitrate  with 
2  equivalents  of  lead  for  some  time,  a  third  salt,  which  is  a  tetra- 
nitrite  of  lead,  composed  of  (4  PbO,  NO3,  aq ;  Peligot),  crystallizes 
in  hard  rose-red  silky  needles,  which  are  but  sparingly  soluble  in 
hot  water,  and  still  less  so  in  cold :  a  neutral  nitrite  of  lead,  PbO, 
NO3,  and  a  bibasic  nitrite,  2  PbO,  NO3,  HO,  as  well  as  a  tribasic 
nitrite,  3  PbO,  NO3,  have  also  been  formed. 

(767)  Phosphates  of  Lead. — The  salts  of  lead  give  a  white  pre- 
cipitate with  each  modification  of  phosphoric  acid ;  they  are  princi- 
pally interesting  as  furnishing  an  easy  means  of  procuring  the 
hydrates  of  these  different  acids,  by  suspending  the  corresponding 
salt  in  water,  and  decomposing  it  by  means  of  a  current  of  sul- 
phuretted hydrogen.  All  the  phosphates  of  lead  are  soluble  in 
nitric  acid.  The  Diphosphate  of  lead  (2  PbO,  PO5),  before  the  blow- 
pipe, furnishes  a  semi-transparent  globule,  which  becomes  remark- 
ably crystalline  on  cooling.  Triphosphate  of  lead  occurs  both 
massive,  and  crystallized  in  6-sided  prisms ;  the  produce  of  a  small 
mine  at  Wissembourg  consists  principally  of  this  compound,  mixed 
with  the  carbonate  of  lead.  A  chlorophosphate  of  lead,  PbCl  + 
3(3  PbO^POg),  is  found  native  in  yellow  6-sided  prisms. 

Boracic  acid  may  be  fused  with  oxide  of  lead  in  all  proportions; 
borate  of  lead  enters  into  the  composition  of  Faraday's  optical  glass. 
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(768)  Carbonate  of  Lead,  or  White  Lead. — Several  methods 
are  adopted  in  the  manufacture  of  this  compound :  in  all  of  them, 
however,  certain  peculiarities  in  the  properties  of  the  acetates  of 
lead  are  taken  advantage  of.  There  are  two  acetates  of  lead,  a 
neutral  salt,  PbO,  C4H3O3,  and  a  tribasic  acetate,  3  PbO,  C4H3O3. 
A  solution  of  the  neutral  acetate  in  the  presence  of  an  excess  of 
oxide  of  lead  readily  unites  with  it  to  form  the  basic  salt,  and  this 
subacetate,  if  exposed  to  an  atmosphere  containing  carbonic  acid, 
rapidly  absorbs  this  gas,  and  is  thus  converted  into  carbonate  of  lead 
and  neutral  acetate.     These  changes  may  be  thus  represented : — 

Acetate  Lead.  Ox.  Lead.  Triacetate  Lead. 

PbO,  C4H3O3  +  $Pbb  =  3'PbO,  CJlfi^',  and 

Triacet.  Lead.  Carb.  Acid.  Acet.  Lead,  Carb.  Lead. 


3  PbO,  C4H3O3  +  ^  CO2  =  PbO,  C4H3O3  +  2(PbO,C02). 

Two  principal  methods  are  in  use  for  making  white  lead :  the 
following  is  the  plan  which  is  known  as  the  Dutch  method ;  it  is 
still  carried  on  extensively  at  Lille  : — A  number  of  small  glazed 
earthen  pots  are  partially  filled  with  a  weak  malt  vinegar,  and  in 
each  pot  a  thin  sheet  of  lead  coiled  into  a  spiral  form  is  placed ; 
these  pots  are  each  covered  with  a  plate  of  lead,  and  arranged  in 
rows ;  they  are  then  placed  in  tiers  one  above  another  to  a  depth 
of  18  or  20  feet,  and  imbedded  in  decomposing  horse-dung;  the 
warmth  given  out  during  its  putrefaction  volatilizes  the  vinegar,  and 
under  the  united  influence  of  the  air  and  acid  fumes,  an  oxide  of 
lead  is  formed  upon  the  surface  of  the  coils  of  metal ;  this  oxide 
combines  with  the  acetic  acid  which  rises  in  vapour  from  the  vine- 
gar, and  a  basic  acetate  of  lead  is  thus  produced.  The  carbonic  acid 
which  is  supplied  from  the  decomposing  hot-bed  readily  converts 
this  salt  into  carbonate  of  lead  and  the  neutral  acetate ;  whilst  the 
neutral  acetate  again  combines  with  a  fresh  portion  of  newly 
formed  oxide,  and  produces  the  subacetate,  which  is  decomposed  as 
before :  successive  decompositions  and  recompositions  ensue,  as 
the  neutral  acetate  immediately  dissolves  any  oxide  of  lead  pre- 
sented to  it,  forming  the  subacetate,  which  again  is  decomposed 
under  the  influence  of  carbonic  acid. 

Since  the  lead  in  this  process  derives  oxygen  from  the  air,  it 
is  necessary  that  the  atmosphere  be  allowed  to  come  suflBciently 
into  contact  with  the  coils.  The  quantity  of  vinegar  which  is  re- 
quired is  very  small,  i  part  of  pure  acetic  acid  to  100  parts  of 
lead  being  amply  sufficient.  The  carbonate  is  thus  produced  very 
slowly,  and  forms  a  compact  layer  upon  the  surface  of  the  coils.  It 
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always  contains  an  excess  of  hydrated  oxide  of  lead,  but  the  propor- 
tion of  this  oxide  is  liable  to  vary.  Mulder  found  a  specimen  which 
he  examined  to  contain  PbO,  HO  +  3  (PbO,  CO2) ;  but  more  usually 
it  consists  of  PbOjHO  +  :i  (PbO,  CO2).  By  unrolling  the  coils,  the 
carbonate  breaks  oft'  in  flakes  of  a  dead  white  colour,  furnishing  the 
kind  of  w  hite  lead  most  approved  by  artists  and  colourmen.  Before 
it  is  fitted  for  their  use,  it  is  subjected  to  the  processes  of  grinding 
and  levigation,  by  which  it  is  reduced  to  an  impalpable  powder. 
Although  this  pulverization  is  performed  under  water,  the  fine 
particles  of  the  carbonate  become  difi*used  through  the  air,  ren- 
dering the  operation  very  deleterious  to  the  workmen.  This  cir- 
cumstance, combined  with  the  length  of  time  requisite  for  the 
formation  of  the  carbonate,  induced  Thenard  to  substitute  for 
the  foregoing  process  the  direct  decomposition  of  a  solution  of  the 
subacetate  of  lead,  by  means  of  a  current  of  carbonic  acid :  the 
carbonate  is  thus  procured  in  a  state  of  extreme  division,  and  as 
rapidly  as  can  be  desired :  it  is,  however,  of  a  less  opaque  white, 
owing  to  its  being  deposited  in  exceedingly  minute  crystals,  and  is 
considered  of  a  quality  inferior  to  that  procured  by  the  Dutch  method. 

A  third  process,  at  one  time  employed  at  Birmingham,  consisted 
in  exposing  litharge,  moistened  with  a  solution  of  acetate  of  lead, 
to  a  current  of  impure  carbonic  acid,  obtained  from  the  combustion 
of  coke. 

Carbonate  of  lead  is  often  fraudulently  mixed  with  a  considerable 
quantity  of  sulphate  of  baryta,  which  is  much  cheaper,  though  its 
whiteness  is  less  intense;  a  small  quantity  of  indigo,  charcoal,  or  sul- 
phide of  lead  is  usually  added  to  white  lead,  in  order  to  substitute 
a  bluish  tint  for  the  natural  tendency  of  the  white  towards  yellow. 

(769)  Characters  of  the  Compounds  of  Lead. — The  salts  of 
lead  are  colourless.  They  have  a  poisonous  action  on  the  system. 
In  cases  of  poisoning  by  a  dose  of  the  soluble  salts  of  lead,  the 
best  antidote  is  sulphate  of  magnesia,  or  of  soda,  which  forms  an 
insoluble  and  inert  sulphate  of  lead.  This,  however,  is  of  no  avail 
in  the  more  usual  forms  of  lead  poisoning,  in  which  the  metal  is 
introduced  in  minute  quantities  unintentionally,  in  water,  or  in 
articles  of  diet. 

The  best  tests  for  lead  are  the  formation  of  a  white  insoluble 
sulphate  when  sulphuric  acid  or  the  sulphates  are  added  to  its  solu- 
tions ;  a  black  sulphide  with  sulphuretted  hydrogen ;  a  yellow 
chi'omate  with  chromate  of  potash ;  and  a  yellow  iodide  with  iodide 
of  potassium.     Potash  gives  a  white  precipitate  of  the  hydrated 
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oxide^  whicli  is  redissolved  in  an  excess  of  the  alkalies.  Carbonate 
of  potash,  or  of  soda,  gives  a  dense  white  precipitate  of  white  lead. 
Many  other  insoluble  white  salts  may  be  formed^  as  the  phosphate^ 
arseniate,  and  the  ferroeyanide.  Lead  has  a  remarkable  tendency 
to  form  subsalts,  bnt  the  number  of  its  double  salts  is  not  great. 
From  the  insolubility  of  many  of  its  organic  compounds_,  it  has  been 
much  used  to  determine  the  combining  proportion  of  organic  bodies. 
It  is,  however,  more  advantageous  to  employ  the  oxide  of  silver  for 
this  purpose,  as  the  oxide  of  lead  is  to  a  small  extent  volatile. 

Lead,  like  most  other  metals  of  comparatively  weak  affinity  for 
oxygen,  is  easily  precipitated  from  its  solutions  in  the  metallic 
state  by  the  metals  more  oxidable  than  itself :  if,  for  instance,  a 
piece  of  zinc  be  suspended  in  a  solution  containing  lead,  crystals  of 
lead  are  deposited  in  a  beautiful  arborescent  form. 

Before  the  blowpipe  on  charcoal  the  salts  of  lead  yield  a  soft  white 
malleable  bead  of  the  metal,  surrounded  by  a  yellow  ring  of  oxide. 

(770)  Estimation  of  Lead. — Lead  is  generally  estimated  in  the 
form  of  the  sulphate,  which  contains  68*31  per  cent,  of  the  metal. 
More  rarely  it  is  determined  from  the  protoxide,  of  which  100 
parts  correspond  to  9:2*82  of  lead ;  porcelain  crucibles  must  be 
employed  for  these  experiments,  as  oxide  of  lead  is  easily  reduced 
to  the  metallic  state,  in  which  ease  it  would  form  an  alloy  with 
platinum,  and  would  ruin  a  crucible  composed  of  this  metal. 

Lead  may  be  separated  by  means  of  sulphuric  acid  from  all 
the  metals,  except  its  insoluble  combinations  with  the  metallic 
acids.  The  following  is  the  method  to  be  adopted  : — If  a  galena 
or  an  alloy  of  lead  is  to  be  analysed,  it  should  be  treated  with  con- 
centrated nitric  acid  until  it  is  completely  decomposed,  and  then 
evaporated  nearly  to  dryness  with  a  small  excess  of  sulphuric  acid; 
the  nitric  acid  is  thus  expelled,  and  the  metals  are  converted  into 
sulphates ;  the  mass  is  treated  with  water,  which  dissolves  out  all 
the  metals  except  lead,  tin,  and  antimony  :  quartz,  or  sulphate  of 
baryta,  if  present,  would  also  be  contained  in  this  insoluble  portion. 
The  insoluble  residue  is  collected  and  weighed,  and  then  digested 
repeatedly  in  a  solution  of  acetate  of  ammonia,  of  sp.  gr.  i  '065  : 
after  which  the  residue  is  again  washed,  dried,  and  weighed :  the 
difference  indicates  the  proportion  of  sulphate  of  lead  which  is  dis- 
solved out  from  the  oxides  of  antimony  and  tin,  and  from  the 
quartz  and  sulphate  of  baryta.  The  lead  may  be  obtained  from  its 
solution  in  the  acetate  of  ammonia  by  the  addition  of  hydrosulphate 
of  ammonia :  and  the  sulphide  of  lead  thus  precipitated  may  be 
converted  into  sulphate  by  means  of  a  mixture  of  nitric  and  sul- 
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phuric   acids.     It  is    evaporated  down  to  dryness,  ignited,   dried, 
and  weighed. 

The  salts  of  lead  with  the  metallic  acids  may  be  decomposed 
by  fusing  them  with  a  mixture  of  caustic  potash  and  carbonate  of 
potash :  the  metallic  acid  combines  with  the  potash,  and  may  be 
dissolved  by  the  addition  of  water,  whilst  the  oxide  of  lead  is  left. 


CHAPTER  XVII. 

GROUP  VII. THE  NOBLE  METALS. 

§  I.    Mercury. 

Symbol,  Hg ;  Equivalent,  loo  ;  Specific  Gravity  as  liquid  at  32°  F., 
13*596  ;  Sp.  Gr.  as  vapour,  6*976  ;  Combining  Volume,  2. 

(771)  Mercury  or  Quicksilver  is  one  of  the  metals  which  have 
been  longest  known ;  it  is  found  in  but  few  localities,  and  occurs 
most  frequently  in  the  form  of  the  sulphide  (cinnabar),  usually 
accompanied  with  small  quantities  of  the  metal  in  its  native  state. 
Occasionally  it  is  met  with  combined  as  an  amalgam  with  silver, 
and  sometimes  in  the  form  of  subchloride  or  calomel.  Generally 
speaking,  its  ores  are  found  in  clay  slate  or  in  the  red  sandstone 
underlying  the  coal,  and  not  unfrequently  among  the  coal  measures 
themselves.  The  most  productive  mines  are  those  of  Almaden,  in 
Spain  j  very  extensive  and  valuable  deposits  of  cinnabar  have  like- 
wise been  lately  found  in  California ;  and  the  mines  of  Idria,  in 
Transylvania,  have  also  been  extensively  worked.  Considerable 
quantities  are  likewise  raised  in  China  and  Japan,  and  from  the 
mine  of  Huancavelica,  in  Peru.  Experience  has  shown  that  unless 
the  ore  contain  at  least  ^^Tith  its  weight  of  this  metal,  or  about 
3*8  lb.  per  ton,  it  is  too  poor  to  be  wrought  with  advantage  by  the 
methods  now  in  use. 

Extraction. — The  metal  may  be  obtained  from  its  ore  either 
by  burning  off  the  sulphur  and  distilling  the  mercury, — a  process 
which  applies  both  to  cinnabar  and  to  the  native  metal ;  or  by 
heating  the  ciunabar  with  some  substance  capable  of  combining 
with  the  sulphur,  and  forming  a  fixed  compound,  from  which  the 
mercury  is  separated  by  heat.  At  Almaden,  the  metal  is  extracted 
by  the  first  process.  Fig.  311  shows  a  section  of  the  furnace 
employed ;  each  furnace   contains  two    grates,  and  on  the  lower 
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one_,  a,  provided  with  a  cliimney,  i,  a  fire  of  brushwood  is  kindled ; 
the  upper  grating  is  formed  by  a  brick  arch^  h,  perforated  with 
numerous  apertures ;  on  this  arch  the  sulphide  rests^  the  poorer 
pieces  of  ore  being  placed  at  the  bottom.  The  brushwood 
quickly  kindles  the  sulphur  in  the  ore^  which  afterwards  by 
its  combustion  maintains  sufficient  heat  to  continue  the  opera- 
tion without  the  use  of  any  other  fuel :  sulphurous  acid  is  formed^ 
and  the  liberated  mercury  distils_,  and  is  condensed  in  wide 
earthen  pipes_,  d  d,  connected  with  the   upper   aperture^  c,  of  the 

Fig.  311. 


furnaces;  these  pipes  are  termed  aludels.  The  aludels  are 
supported  on  a  doubly  inclined  plane  of  masonry ;  at  the  lowest 
point  a  perforation  is  made  to  allow  of  the  escape  of  the  mercury 
into  a  brick  channel,,  e,  through  which  it  runs  into  a  well ;  the 
further  end^  f,  of  the  aludels  opens  into  a  condensing  chamber^  in 
which  an  additional  quantity  of  mercury  is  deposited  in  the 
trough^  g :  the  sulphurous  acid  escapes  into  the  air,  through  the 
chimney,  h.  Great  waste,  however,  is  incurred  during  this  process 
from  the  incomplete  manner  in  which  the  condensation  is  effected. 
A  better  plan  consists  in  mixing  the  sulphide  with  iron  filings,  or, 
as  is  more  commonly  done,  with  slacked  lime,  and  conducting  the 
distillation  in  cast-iron  furnaces  and  retorts.  The  mercury  is  con- 
densed in  receivers  partly  filled  with  water,  while  sulphide  of  cal- 
cium and  sulphate  of  lime  remain  behind  in  the  retort :  4  HgS  -}- 
4  CaO=4  Hg4-3  CaS-f-CaO,  SO3. 

If  the  ore  contain  any  admixture  of  zinc  and  bismuth,  small 
portions  of  these  metals  are  liable  to  be  distilled  over  with  the  mer- 
cury.   In  this  case  a  film  forms  upon  the  surface  of  the  fluid  metal 
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when  it  is  agitated  in  contact  witli  air.  The  purity  of  the  product 
is  easily  seen  by  the  absence  of  this  film,  and  by  the  perfect 
mobility  and  sphericity  of  the  globules,  which  do  not  wet  the 
surface  of  non-metallic  objects.  A  small  quantity  of  mercury  may 
be  speedily  purified  by  placing  it  in  a  bottle,  with  a  little  finely 
powdered  loaf  sugar;  the  mercury  should  not  occupy  more  than  one- 
fourth  of  the  capacity  of  the  bottle  :  the  bottle  is  then  closed,  and 
briskly  agitated  for  a  few  minutes;  after  which  the  stopper  is  with- 
drawn, and  fresh  air  is  blown  into  the  bottle  with  a  pair  of  bellows, 
and  the  agitation  is  repeated  :  this  is  done  3  or  4  times,  and  the 
mercury  is  then  poured  into  a  cone  of  smooth  writing  paper,  in 
the  apex  of  which  a  pin  hole  is  made  ;  the  metal  runs  through,  and 
leaves  the  powdered  sugar  mixed  with  the  oxides  of  the  foreign 
metals,  and  a  considerable  quantity  of  finely  divided  mercury. 

Generally  speaking,  the  mercury  imported  into  this  country  is 
almost  chemically  pure.  Any  foreign  metals  which  may  be  present  in 
it  may  be  removed  by  digesting  it  for  some  days  with  dilute  nitric 
acid  in  the  cold :  the  mercury  should  be  placed  in  a  shallow  dish, 
so  as  to  expose  a  large  surface  to  the  acid,  and  it  should  be  frequently 
agitated ;  the  acid  exerts  but  little  action  on  the  mercury  so  long 
as  any  more  oxidizable  metals  are  present.  A  solution  of  nitrate 
of  mercury  may  be  substituted  for  the  nitric  acid  with  advantage ; 
in  this  case  the  mercury  is  deposited  from  the  solution  and  takes 
the  place  of  the  other  metals,  which  are  dissolved. 

(772)  Pr'operties. — Mercury  possesses  a  lustre  resembling  that 
of  polished  silver.  It  is  the  only  metal  that  is  fluid  at  common 
temperatures.  It  freezes  at  — 39°  F.,  and  contracts  considerably  at 
the  moment  of  congelation,  when  it  crystallizes  in  octohedra.  In 
this  state  it  is  malleable ;  when  heated  to  662°  F.  it  boils,  and 
forms  an  invisible,  transparent  vapour,  of  sp.  gr.  6'gy6  (Dumas). 
The  metal,  at  all  temperatures  above  40°,  undergoes  slight  spon- 
taneous evaporation.  Its  specific  gravity  at  60°  is  13  "54.  When 
pure,  it  is  not  tarnished  by  exposure  to  air  and  moisture  at  ordi- 
nary temperatures,  but  if  heated  to  about  700°  or  800°  F.  it  absorbs 
oxygen,  and  is  gradually  converted  into  the  red  oxide.  Hydrochloric 
acid  is  without  action  upon  the  metal,  either  when  cold  or  hot. 
Concentrated  sulphuric  acid  in  the  cold  produces  no  change,  but 
when  heated  with  it  is  decomposed ;  sulphurous  acid  being  evolved, 
while  the  mercury  is  oxidized  and  combines  with  a  portion  of 
undecomposed  acid.  Strong  nitric  acid  dissolves  it  with  rapidity, 
extricating  deutoxide  of  nitrogen  in  abundance,  while  nitrate  of 
mercury  is  formed.     If  the  acid  be  dilute,  and  the  metal  in  excess^ 
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the  mercury  is  dissolved  slowly^  and  at  ordinary  temperatures  the 
nitrate  of  the  suboxide  is  the  result. 

Mercury  may  be  obtained  in  a  state  of  extreme  division^  by 
precipitating  a  solution  of  corrosive  sublimate_,  by  means  of  the 
solution  of  protochloride  of  tin.  The  chloride  of  tin^  if  added  in 
sufficient  quantity,  absorbs  all  the  chlorine,,  and  a  grey  metallic 
povrder  subsides  ;   HgCl  +  SnCl  =  Hg  +  SnClg. 

Uses. — Mercury  is  employed  extensively  in  the  extraction  of 
gold  and  silver  from  their  ores^  by  the  processes  of  amalgamation ; 
great  quantities  are  annually  sent  to  South  America  for  this  purpose. 
Its  amalgams  are  largely  employed  in  the  processes  of  silvering 
and  gilding.  Mercury  is  also  used  in  the  preparation  of  vermi- 
lion, which  is  highly  valued  as  a  pigment,  for  the  purity  and 
permanence  of  its  tint.  It  is  indispensable  in  the  construction 
of  philosophical  instruments;  and  it  is  well  known  in  various  forms 
as  an  invaluable  medicine.  By  trituration  with  saccharine,  or 
oleaginous  substances^  it  admits  of  being  minutely  subdivided^ 
and  a  small  portion  of  it  becomes  oxidized,  to  which  the  active 
properties  of  blue  pill  appear  to  be  owing  :  the  same  remark 
applies  to  the  mercurial  ointment,  and  the  pulvis  liydrargyri 
cum  cretd. 

(773)  Oxides  of  Mercury. — Mercury  forms  two  oxides,  the 
black  suboxide,  HggO,  and  the  red  oxide,  HgO  :  both  of  them 
form  salts  with  acids. 

The  Suboxide  of  Mercury  (HggO,  Eq.  208,  Bp.  Gr.  io'68), 
though  a  powerful  saline  base,  is  very  unstable  when  isolated.  It 
is  best  procured  by  triturating  finely  levigated  calomel  with  solu- 
tion of  potash  or  of  soda,  and  washing  the  black  precipitate  thus 
obtained  with  cold  water.  It  must  be  allowed  to  dry  spontaneously 
in  a  dark  place ;  even  when  dry,  mere  exposure  to  light,  or  a  very 
gentle  heat,  is  sufficient  to  convert  it  into  red  oxide  and  the 
metal. 

(774)  Nitric  Oxide,  or  Red  Oxide  of  Mercury  (HgO),  Eq.  108, 
Sp.  Gr.  11-29. — '^^i^  oxide  may  be  obtained  in  red  scales  by  heating 
metallic  mercury  to  700°  or  800°  in  a  matrass  :  but  this  process  is 
very  slow,  and  not  productive  :  it  is  more  conveniently  prepared  by 
the  decomposition  of  the  nitrate  by  heat,  and  it  then  has  a  bright 
orange  colour.  It  may  also  be  thrown  down  in  the  form  of  a 
yellow  powder,  when  potash  or  soda  is  added  to  a  solution  of 
corrosive  sublimate,  or  of  nitrate  of  mercury.  The  precipitated 
oxide  does  not  differ  in  composition  from  the  red  crystallized  form, 
but  it  enters  more  readily  into  combination  ;  oxalic  acid  is  without 
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action  on  the  crystallized  oxide^  but  it  converts  the  precipitated 
oxide  into  oxalate,  and  the  yellow  oxide  when  boiled  with  solution 
of  corrosive  sublimate,  is  quickly  converted  into  the  oxy chloride ; 
but  this  change  is  very  slow  with  the  crystallized  variety.  The 
yellow  oxide,  when  boiled  with  bichromate  of  potash,  yields  a  sub- 
chromate  of  mercury,  3  HgO,  CrOg;  but  the  crystallized  oxide,  when 
similarly  treated,  yields  subsalt  with  a  larger  excess  of  base,  4  HgO, 
CrOg  (Millon).  In  short,  the  crystallized  oxide  obtained  by  the 
direct  oxidation  of  mercury  and  the  precipitated  oxide  appear  to 
be  different  allotropic  modifications  of  the  compound. 

The  red  oxide  when  heated  becomes  nearly  black,  but  recovers 
its  colour  on  cooling ;  when  exposed  to  a  temperature  of  ignition, 
it  is  decomposed  into  metallic  mercury  and  oxygen  gas.  It  is 
slightly  soluble  in  water;  the  solution  has  an  acrid  taste,  and 
turns  syrup  of  violets  green.  This  oxide  of  mercury  forms  with 
baryta  a  soluble  compound.  With  ammonia,  a  yellowish-white 
insoluble  mass  (4  HgO,  H3N,  2  HO)  is  produced.  It  enters  into 
combination  with  acids,  and  forms  well  defined  salts.  It  may  be 
provisionally  distinguished  as  mercuramine. 

{yy^)  Mercuramine  (4  HgO,  H3N,  2  HO)  or  (2  HgO,  HggHaN) 
O,  2  HO. —  When  a  solution  of  ammonia  is  poured  upon  yellow  pre- 
cipitated oxide  of  mercury  in  a  bottle  which  admits  of  being  closed, 
to  prevent  the  access  of  carbonic  acid  from  the  air,  the  colour  of  the 
oxide  becomes  paler,  and  eventually  a  yellowish-white  amorphous 
powder  is  obtained,  which,  when  washed  and  dried  in  a  dark  place, 
over  quick -lime,  forms  a  hydrate  of  a  new  basic  substance,  containing 
4  HgO,  H3N,  2  HO.  This  compound  was  discovered  by  Fourcroy 
and  Thenard,  but  it  was  first  completely  examined  by  Millon  (Ann. 
de  Chimie,  III.,  xviii.  393).  In  its  isolated  condition,  it  is  very 
unstable  :  mere  exposure  to  the  light  decomposes  it.  When  tritu- 
rated in  a  mortar,  it  produces  a  series  of  small  detonations.  If 
dried  in  vacuo  over  sulphuric  acid,  it  loses  two  equivalents  of 
water ;  and  between  212°  and  266°,  a  third  equivalent  of  water  is 
expelled  :  it  thus  becomes  dark  brown,  and  is  permanent  in  the  air. 
These  changes  may  be  thus  explained:  i  equivalent  of  ammonia 
and  2  of  water,  in  acting  upon  4  equivalents  of  oxide  of  mercury, 
produce  the  yellowish  hydrated  compound,  4  HgO,  H3N,  2  HO. 
The  2  equivalents  of  water  are  removed  by  desiccation  over 
sulphuric  acid,  and  on  the  application  of  heat,  i  equivalent  of  the 
hydrogen  of  the  ammonia  removes  an  equivalent  of  oxygen,  whilst 
the  amidogen  takes  its  place;  4  HgO,  H3N  =  3  HgO,  HgHaN  -I-  HO. 

Mercuramine  is  a  powerful  base;  its  terhydrate   absorbs   car- 
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bonic  acid  from  tlie  air  almost  as  rapidly  as  slaked  lime.  It  is 
insoluble  in  water  or  in  alcobol,  but  it  decomposes  solutions  of 
the  salts  of  ammonia  and  combines  with  the  acid.  Definite  salts 
with  sulphuric^  nitric,  oxalic,  carbonic,  hydrochloric,  and  various 
other  acids  have  been  formed.  On  the  addition  of  soda  or  potash 
to  the  solutions  of  these  salts,  the  hydrate  of  the  base  is  precipi- 
tated. The  formula  of  the  sulphate  is  (2  HgO,  Hg2H2N)  O,  SO3  ; 
that  of  the  chloride,  (2  HgO,  Hg2H2N)  CI.  It  may  be  obtained 
as  a  yellow  precipitate,  by  adding  solution  of  corrosive  sublimate 
to  a  solution  of  ammonia  in  excess,  and  washing  the  precipitate 
with  boiling  water  (781). 

(776)  Sulphides  of  Mercury. — The  two  sulphides  of  mercury, 
HgaS,  and  HgS,  correspond  in  composition  to  the  oxides  and 
chlorides. 

The  Subsulphide  of  Mercury  (Hg2S,  Eq.  216),  is  scarcely 
more  stable  than  the  suboxide  of  the  metal ;  it  is  procured  by 
transmitting  a  current  of  sulphuretted  hydrogen  through  a  solu- 
tion of  a  mercurial  subsalt,  or  by  triturating  16  parts  of  moistened 
sulphur  with  200  of  mercury ;  it  forms  a  black  powder,  which  was 
formerly  termed  Ethiop's  7nineral.  It  is  decomposed  by  nitric 
acid,  and  if  the  dry  sulphide  be  sublimed,  it  is  converted  into 
cinnabar  and  metallic  mercury. 

(777)  Sulphide  of  Mercury,  or  Cinnabar  (HgS,  Eq.  116; 
Sp.  Gr.  8*2),  is  the  most  abundant  ore  of  mercury.  This  com- 
pound occurs  sometimes  crystallized  in  hexahedral  prisms,  but 
more  usually  as  a  fibrous  or  amorphous  mass,  and  is  a  product  of 
considerable  importance  in  the  arts,  forming  the  pigment  known 
under  the  name  of  vermilion.  Some  portions  of  the  native 
cinnabar  are  of  a  sufficiently  delicate  colour  to  be  employed  after 
mere  levigation  ;  but  it  is  usually  prepared  artificially.  In  Holland, 
this  manufacture  is  carried  on  to  a  considerable  extent.  The  pro- 
cess adopted  consists  in  triturating  sulphur  with  about  6  times  its 
weight  of  mercury,  aiding  the  action  by  a  gentle  heat.  The  black 
mass  thus  procured  is  thrown  (in  successive  portions,  to  prevent  too 
rapid  an  action)  into  tall  earthen  pots,  the  lower  parts  of  which 
have  been  previously  brought  to  a  red  heat ;  the  aperture  at  top  is 
closed  with  an  iron  plate,  and  in  about  32  hours  after  the  intro- 
duction of  the  whole  charge,  the  sublimation  is  complete :  when 
cold,  the  pots  are  broken,  and  the  cinnabar,  which  is  found  depo- 
sited in  layers  upon  the  upper  part,  is  carefully  removed;  the 
cinnabar  is  levigated  with  water,  and  the  fine  powder  thus  obtained 
is  sold   as   vermilion ;    an   excess   of  sulphur    is  to   be   avoided. 
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as  it  impairs  tlie  brilliancy  of  the  colour.  Cinnabar  forms  a 
yellowish-brown  vapour,  of  a  sp.  gr.  of  5'5i.  Vermilion  may  also 
be  procured  in  the  wet  way,  but  the  process  is  tedious,  and  less 
certain.  The  Chinese  vermilion  is  supposed  by  some  chemists 
to  be  prepared  by  the  humid  process.  In  order  to  produce 
vermilion  in  this  manner,  M.  Brunner  recommends  loo  parts  of 
mercury  to  be  triturated,  for  2  or  3  hours,  with  38  parts  of  sul- 
phur ;  at  the  end  of  which  time,  25  parts  of  caustic  potash  and 
150  parts  of  water  are  to  be  added.  The  mixture  is  maintained 
for  some  hours  at  a  temperature  of  from  112°  to  120°  F.,  at  first 
stirring  it  constantly  :  the  black  colour  gradually  changes  to  scarlet; 
as  soon  as  it  has  attained  the  desired  tint,  it  is  thoroughly  washed 
with  cold  water.  If  the  heat  be  too  long  continued,  the  tint  changes 
to  brown,  but  the  scarlet  hue  is  restored  by  boiling  it  with  water. 

Sulphide  of  mercury  is  thrown  down  as  a  black  precipitate 
by  transmitting  sulphuretted  hydrogen  through  solutions  of  the 
persalts  of  mercury  :  when  dried  and  sublimed,  it  assumes  its 
ordinary  red  colour.  The  pure  acids  are  without  action  upon  it, 
but  it  is  oxidized  and  dissolved  by  aqua  regia.  The  alkalies  in 
solution  do  not  decompose  cinnabar,  but  if  ignited  with  it  in  the 
dry  state,  a  sulphate  and  sulphide  of  the  alkaline  metal  are  formed, 
and  metallic  mercury  sublimes ;  4  HgS  +  4KO =4  Hg  +  KO,  SO3  + 
3  KS.  Sulphide  of  mercury  possesses  the  property  of  uniting  with 
other  metallic  sulphides;  it  also  combines  with  the  nitrate,  the 
chloride,  the  iodide,  and  some  other  mercurial  salts_,  forming  pecu- 
liar compounds,  which  are  produced  by  the  action  of  a  small  pro- 
portion of  sulphuretted  hydrogen  upon  the  solutions  of  these  salts, 
and  cause  the  first  portions  of  the  precipitate  occasioned  in  them 
by  the  gas  to  assume  a  white  colour. 

(778)  Chlorides  of  Mercury. — Mercury  forms  tivo  chlorides, 
a  subchloride,  HggCl,  well  known  as  calomel,  and  a  chloride,  HgCl, 
commonly  distinguished  as  corrosive  sublimate. 

Subchloride  of  Mercury  (HgaCl),  Eq.  ^'^^'S'y  ^P-  ^^-  y'^J^- — 
Calomel  may  be  obtained  by  precipitating  the  subnitrate  of  mer- 
cury by  means  of  a  solution  of  common  salt ;  but  it  is  more  usually 
procured  by  sublimation  :  13  parts  of  mercury  are  triturated  with 
17  of  corrosive  sublimate,  until  no  metallic  globules  are  visible, 
the  chloride  having  been  previously  moistened  with  water  or  alcohol 
to  prevent  the  acrid  particles  from  being  diffused  through  the  air ; 
the  mixture  is  then  sublimed  in  suitable  vessels,  and  the  calomel 
is  deposited  as  a  semi-transparent  fibrous  cake.  In  this  opera- 
tion  the   additional  mercury  combines  with    half  the   chlorine  of 
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the  chloride;  HgCl  +  Hg  =  Hg2Cl.  Sometimes  the  vapours  are 
sent  into  a  capacious  chamber ;  the  deposit  then  assumes  the  form 
of  a  fine  powder.  Calomel  requires  careful  washing  and  leviga- 
tion^  because  portions  of  the  undecomposed  chloride  always  sublime 
with  the  calomel^  and  they  can  only  be  removed  by  repeated 
washing.  It  was  formerly  supposed  that  the  medical  character  of 
calomel  was  rendered  milder  by  repeated  sublimations.  This^  how- 
ever^ has  been  found  to  be  a  serious  mistake,  as  every  time  that 
calomel  is  sublimed,  a  small  portion  is  reconverted  into  corrosive 
sublimate  and  metallic  mercury. 

Calomel  sublimes  in  quadrilateral  prisms,  terminated  by  4-sided 
pyramids  ;  when  powdered  it  is  of  a  yellowish-white  colour.  It 
begins  to  sublime  below  redness,  and  before  undergoing  fusion. 
Calomel  is  tasteless  and  insoluble  in  water ;  the  alkalies  decompose 
it.  Soda  and  potash  set  free  the  protoxide.  Solution  of  ammonia 
forms  with  it  a  black  compound,  consisting  of  HgaCl,  HgaHgN  :  this 
change  is  explained  in  the  subjoined  equation;  2Hg2Cl  +  2  H3N  = 
HgaCl,  HgaHaN  +  H4NCI.  Sulphuric  acid  is  without  action  on 
calomel ;  boiling  nitric  acid  dissolves  it,  and  forms  corrosive  sub- 
limate and  nitrate  of  mercury;  if  boiled  for  a  long  time  with 
hydrochloric  acid  or  chloride  of  sodium,  it  is  resolved  into  cor- 
rosive sublimate  and  metallic  mercury  :  the  same  effect  is  produced, 
but  more  rapidly,  by  boiling  it  in  solution  of  sal  ammoniac. 

(779)  Chloride  of  Mercury ;  Corrosive  Sublimate  (HgCl), 
Eq.  135*5 ;  Sp.  Gr.  6-223. — ^When  heated  mercury  is  placed  in  an 
atmosphere  of  chlorine  it  ignites  from  the  rapid  union  of  the  gas 
with  the  metal,  and  the  chloride  is  formed.  It  is  prepared  on 
the  large  scale  by  mixing  intimately  23-  parts  of  sulphate  of  mercury 
with  T  part  of  common  salt,  and  subliming  the  mixture  in  glass 
vessels  at  a  carefully  regulated  heat :  sulphate  of  soda  remains  in 
the  vessel,  and  the  chloride  sublimes,  as  represented  in  the  equation 
IlgO,  SO3  4-  NaCl  =  NaO,  SO3  +  HgCl.  The  fumes  are  extremely 
acrid  and  poisonous.  Corrosive  sublimate  fuses  and  boils  before 
undergoing  sublimation  ;  its  vapours  are  condensed  in  snow- 
white  crystalline  needles,  or  in  octohedra  with  a  rectangular  base. 
It  has  an  acrid  burning  taste,  and  disgusting  metallic  flavour. 
It  is  soluble  in  16  parts  of  cold  water,  and  in  less  than  3  of 
boiling  water ;  on  cooling  it  is  deposited  from  a  concentrated  solu- 
tion in  transparent  anhydrous  quadrilateral  prisms.  Its  solution, 
by  long  exposure  to  light,  is  gradually  decomposed,  and  calomel 
is  deposited.  Cold  alcohol  dissolves  nearly  one-third  of  its 
weight  of  the  salt,  and  an  equal  weight  when  boiling ;  ether  also 
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dissolves  it  freely.  If  an  aqueous  solution  be  agitated  with  ether, 
almost  the  whole  of  the  salt  will  be  abstracted  by  it  from  the 
water,  and  the  ethereal  solution  will  rise  to  the  surface.  It  is  very 
soluble  in  solutions  of  the  alkaline  chlorides,  with  which  it  enters 
into  combination,  forming  double  salts.  With  chloride  of  potas- 
sium it  forms  three  distinct  crystallizable  compounds,  KCl,  4  HgCl, 
4  aq ;  KCl,  2  HgCl,  2  aq ;  and  KCl,  HgCl,  aq.  They  are  easily 
prepared  by  dissolving  the  salts  in  the  proper  proportions,  and 
allowing  them  to  crystallize.  With  chloride  of  sodium  only  one  such 
compound  is  formed,  NaCl,  2  HgCl,  3  aq.  A  salt  of  ammonia 
with  3  equivalents  of  sal  ammoniac  has  long  been  known  as  sal 
alembroth :  it  crystallizes  in  flattened  rhomboidal  tables. 

Similar  compounds  having  a  composition  analogous  to  that  of 
the  sodium  salt  may  be  formed  with  most  of  the  soluble  chlorides. 
Chlorides  of  calcium  and  magnesium  form  more  than  one  com- 
pound. A  similar  but  anhydrous  salt,  HCl,  2  HgCl,  is  formed  by 
dissolving  corrosive  sublimate  in  hot  hydrochloric  acid,  from  which 
it  crystallizes  on  cooling ;  it  is,  however,  decomposed  by  water. 

Chloride  of  mercury  combines  with  the  sulphide,  and  forms 
with  it  a  white  insoluble  gelatinous  compound,  consisting  of 
2  HgS,  HgCl ;  it  is  the  white  precipitate  which  is  always  formed  at 
first,  on  passing  a  current  of  sulphuretted  hydrogen  through  a  solu- 
tion of  corrosive  sublimate. 

Corrosive  sublimate  is  decomposed  by  the  fixed  alkalies  and 
alkaline  earths ;  a  chloride  of  the  alkaline  metal  is  formed,  and  oxide 
of  mercury  is  set  free.  When  ammonia  is  added  to  a  solution  of 
corrosive  sublimate,  it  separates  only  half  the  chlorine,  uniting  with 
the  remainder  to  form  the  compound  called  white  precipitate. 
Chloride  of  mercury  acts  powerfully  on  the  albuminous  tissues,  and 
combines  with  them ;  it  is  a  violent  and  acrid  poison.  The  best 
antidote  in  cases  of  poisoning  with  this  substance  is  the  immediate 
exhibition  of  the  whites  of  several  raw  eggs,  as  it  coagulates  the 
albumen,  and  forms  with  it  a  sparingly  soluble  compound.  It  was 
supposed  that  the  chloride  was  converted  into  calomel,  but  this 
does  not  appear  to  be  the  case. 

(780)  Corrosive  sublimate  combines  with  oxide  of  mercury  in 
at  least  3  proportions.  One  of  these  is  obtained  in  the  form  of 
dark  brown  insoluble  flakes,  (3  HgO,  HgCl),  when  the  chloride  is 
boiled  with  red  oxide  of  mercury  ;  these  compounds  are  decomposed 
by  the  alkalies. 

The  oxychlorides  of  mercury  are  interesting,  from  the  observa- 
tions of  Millon  upon  them,  which  seem  to  prove  the  persistence 
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of  the  allotropic  modification  in  a  body  after  it  has  entered  into 
combination. 

The  three  oxychlorides  described  by  Millon  consist  of  (HgCl, 
2  HgO),  (HgCl,  3  HgO),  and  (HgCl,  4  HgO).  They  may  all  be 
produced  by  the  action  of  bicarbonate  of  potash  upon  a  solution  of 
corrosive  sublimate.  The  first  may  be  obtained  in  three  different 
isomeric  conditions,  the  second  in  two,  and  the  third  in  three.  The 
action  of  the  carbonates  of  the  alkalies  upon  solutions  of  corrosive 
sublimate  is  peculiar.  The  addition  of  solution  of  sublimate  to  a 
solution  of  pure  neutral  carbonate  of  soda  or  potash  is  attended 
with  the  precipitation  of  yellow  oxide  of  mercury.  If  the  mercurial 
solution  be  added  to  a  solution  of  an  alkaline  bicarbonate,  a  red 
oxy chloride  is  formed ;  and  if  even  a  small  quantity  of  bicarbonate 
of  the  alkali  l)e  mixed  with  a  large  proportion  of  neutral  alkaline 
carbonate,  this  red  precipitate  is  produced  at  first.  This  reaction 
may  serve  to  indicate  the  difference  between  carbonates  and  bicar- 
bonates  in  solution.  If  a  cold  saturated  solution  of  bicarbonate  of 
potash  be  added  gradually  to  8  or  10  times  its  volume  of  a  cold 
saturated  solution  of  sublimate,  a  light  granular  amorphous  preci- 
pitate of  a  bright  brick-red  colour  is  formed  (HgCl,  2  HgO).  If 
the  volume  of  the  solution  of  sublimate  be  only  3  or  4  times  as  great 
as  that  of  the  bicarbonate,  a  precipitate  of  similar  composition  is 
formed,  but  it  is  dense,  crystalline,  and  red,  purple,  or  violet,  in  colour. 
Both  these  modifications,  when  decomposed  by  potash,  yield  the 
yellow  oxide  of  mercury,  but  if  i  volume  of  the  solution  of  bicar- 
bonate be  added  to  2,  volumes  of  the  solution  of  sublimate,  stirring 
briskly,  a  jet  black  crystalline  precipitate  is  formed,  which  also 
consists  of  HgCl,  2  HgO,  but  which  yields  the  red  crystalline 
oxide  when  decomposed  by  potash. 

If  equal  volumes  of  the  solutions  be  mixed,  golden-yellow 
plates,  which  gradually  become  brown  or  yellowish,  are  deposited, 
(HgCl,  3  HgO).  The  same  body  may  also  be  obtained  in  the 
amorphous  form. 

The  quadribasic  oxychloride  (HgCl,  4  HgO)  may  be  obtained 
by  adding  a  solution  of  corrosive  sublimate  to  a  large  excess  of  the 
solution  of  the  bicarbonate.  Carbonic  acid  gradually  escapes  and 
brown  crystalline  crusts  are  deposited :  caustic  potash  causes  the 
separation  of  the  red  oxide  of  mercury  from  this  compound.  This 
oxychloride  may  also  be  obtained  in  the  form  of  a  brown  amorphous 
deposit,  and  in  golden-yellow  plates ;  both  these  varieties  yield  the 
yellow  oxide  when  decomposed  by  potash.  The  first  two  oxychlo- 
rides are  converted  by  boiling  them  with  water  into  the  quadribasic 
form,  which  is  deposited  from  the  solution  in  golden  yellow  scales. 
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(781)  Action  of  Ammonia  on  Chloride  of  Mercury. — When  a 
solution  of  corrosive  sublimate  is  added  to  a  solution  of  ammonia  in 
excess,  one  half  of  the  chlorine  only  is  removed  from  the  salt,  and 
a  white  precipitate  is  formed,  which,  when  washed  with  cold  water,  is 
completely  soluble  in  nitric  and  hydrochloric  acids,  and  which  there- 
fore can  contain  no  calomel ;  2  HgCl  +  2  H3N=  (HgCl,  HgHgN)  + 
H4NCI.  Kane  considers  this  white  precipitate  as  a  compound  of 
chloride  with  amide  of  mercury,  HgCl,  HgHgN ;  but  it  may  also 
be  regarded  as  chloride  of  ammonium,  in  which  2  equivalents 
of  hydrogen  are  displaced  by  2  equivalents  of  mercury  (HggHgN,  CI). 
If  ammonia  be  added  drop  by  drop  to  a  solution  of  corrosive  subli- 
mate, which  is  purposely  maintained  in  considerable  excess,  the 
precipitate  consists  of  3  HgCl,  HgHgN,  or  chloride  of  mercuramine, 
in  which  the  place  of  the  oxygen  is  supplied  by  chlorine. 

White  precipitate  has  been  made  the  subject  of  numerous  ex- 
periments. If  it  be  heated  to  about  600°  F.,  ammonia,  and  the 
ammoniated  chloride  of  mercury  are  expelled ;  and  a  red  crystalline 
powder  remains,  represented  by  the  formula,  (2  HgCl,  HggN) ;  for 
6  (H^Hg^N,  CI)  =  3  H3N  +  (H3N,  2  HgCl)  +  2  (2  HgCl,  HggN). 
This  red  powder  is  insoluble  in  water  or  in  dilute  acids,  but  it  is 
dissolved  and  decomposed  by  either  boiling  hydrochloric  acid  or 
oil  of  vitriol.  It  is  interesting,  as  it  appears  to  contain  ammonia  in 
which  the  3  eqs^  of  hydrogen  are  displaced  by  3  eqs.  of  mercury. 

When  white  precipitate  is  boiled  in  water  it  is  decomposed,  and 
the  heavy  insoluble  canary-yellow  chloride  of  mercuramine  is 
formed,  whilst  chloride  of  ammonium  is  formed  in  the  solution ; 
2  (HgCl,  HgH^N)  +  2  H0=  (2  HgO,  Hg2H2N)Cl  +  H4NCl.  This 
yellow  powder  is  dissolved  easily  by  dilute  nitric  or  hydrochloric  acid. 

If  a  solution  of  corrosive  sublimate  be  added  gradually  to  a 
boiling  solution  of  sal  ammoniac  and  free  ammonia,  as  long  as  the 
precipitate  is  redissolved  by  agitation,  a  compound  crystallizes  in 
rhombohedra  on  cooling ;  and  the  same  substance  is  procured  on 
boiling  ordinary  white  precipitate  in  a  solution  of  sal  ammoniac. 
This  compound  fuses  at  a  temperature  of  572°,  and  is  decomposed  ; 
boiling  water  extracts  a  large  proportion  of  sal  ammoniac  from 
it,  and  leaves  the  canary-yellow  powder  above  described.  It 
is  freely  soluble  in  acids,  even  in  acetic  acid.  Kane's  analysis 
of  this  compound  would  allow  of  its  being  represented  by 
the  formula,  (HgCl,  HgHgN)  +  (H^N,  CI),  or  still  more  simply  as 
HgH3N,  CI.      It  is  sometimes  called  fusible  white  precipitate. 

When  corrosive  sublimate  is  exposed  to  a  current  of  dry  am- 
moniacal  gas,  it  fuses  with  extrication  of  heat ;  2  equivalents  of  the 
salt  absorb  i  equivalent  of  ammonia,  H3N,  2  HgCl.     This  com- 
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pound  may  be  sublimed  without  change,  but  it  is  decomposed  by- 
water.      It  is  a  true  ammoniated  chloride  of  mercury. 

The  following  are  the  compounds,  which  result  from  the  com- 
bined action  of  ammonia  and  heat  upon  corrosive  sublimate  : — 

(i)  White  precipitate       ....      HgCl,  HgHgN. 

(2)  Red  crystalline  compound    .      .      2  HgCl,  HggN. 

(3)  Chloride  of  mercuramine      .      .      (2  HgO,  Hg2H2N)Ci. 

(4)  Terchloride  of  mercuramine       .      (2  HgCl,  HggHgNjCl. 

(5)  Fusible  white  precipitate       .      .      HgCl.HgHaN  +  H^NCl. 

(6)  Ammoniated  chloride  of  mercury   2  HgCl^  NH3. 
Besides  the  double  salts,  of  which  one  is — 

(7)  Sal  alembroth 3  H4NCI,  HgCl,  aq. 

(8)  And  another  is H^NCl,  2  HgCl. 

These  remarkable  compounds  derive  interest  from  their  con- 
nexion with  the  theories  which  have  been  proposed  respecting  the 
nature  of  ammonia^  to  the  consideration  of  which  will  be  resumed 
when  the  alkaloids  or  organic  bases  are  examined. 

(782)  Iodides  of  Mercury. — Mercury  forms  three  iodides :  a 
subiodide,  Hg2l ;  a  protiodide,  Hgl ;  and  an  intermediate  iodide 
(Hg2l,  Hgl)  of  a  yellow  colour,  obtained  by  precipitating  nitrate  of 
mercury  by  means  of  iodide  of  potassium  containing  iodine  in  solution. 

The  subiodide  (Hggl,  Eq.  327)  is  a  green  powder  insoluble  in 
water,  which  is  easily  decomposed  by  exposure  to  light  into  mer- 
cury and  the  red  iodide ;  the  same  change  is  effected  by  heat- 
ing it  gently  with  the  soluble  iodides  or  chlorides,  or  with  hydriodic 
or  hydrochloric  acid.  If  heated  suddenly  it  fuses  and  is  sublimed 
unchanged ;  but  if  the  temperature  be  raised  gradually,  it  is 
decomposed  into  the  red  iodide  and  metallic  mercury.  It  is  easily 
formed  by  triturating  127  parts  of  iodine  with  200  of  mercury, 
moistening  the  mixture  with  a  little  alcohol;  or  it  may  be  pre- 
cipitated from  a  solution  of  any  of  the  salts  of  the  suboxide  of 
mercury  by  adding  a  solution  of  iodide  of  potassium. 

Iodide  of  Mercury  (Hgl),  Eq.  227. — This  beautiful  compound 
may  be  obtained  by  triturating  an  equivalent  of  iodine  with 
one  of  mercury,  and  subliming  the  mixture;  but  it  is  procured 
most  easily  by  precipitating  a  solution  of  corrosive  sublimate  by 
means  of  a  solution  of  iodide  of  potassium :  the  precipitate  is 
soluble  in  an  excess  of  either  salt.  The  precipitate  is  at  first 
salmon  coloured,  but  it  speedily  becomes  converted  into  a  brilliant 
scarlet  crystalline  deposit.  It  fuses  at  about  400°,  and  sublimes  in 
yellow  rhombic  tables ;  the  yellow  colour  is  changed  to  red  by 
mere  agitation,  or  by  scratching  of  the  crystals.  Mr.  Warington  has 
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shown  that  this  change  of  colour  depends  upon  a  change  in  the 
molecular  constitution  of  the  salt,  in  consequence  of  which  the 
rhomboid al  crystals  are  converted  into  octohedra  with  a  square 
base.  Iodide  of  mercury  is  insoluble  in  water,  but  it  is  taken  up 
freely  by  alcohol.  With  the  soluble  electro-positive  iodides  it 
foFms  crystalline  double  salts,  and  it  is  dissolved  easily  by  solutions 
of  chlorides  of  the  metals  of  the  alkalies,  but  it  does  not  form 
crystallizable  compounds  with  these  chlorides.  A  fusible  double 
chloride  and  iodide  of  mercury  (Hgl,  HgCl)  may  be  formed ; 
and  a  soluble  crystallizable  compound  (Hgl,  2  HgCl),  may  be 
obtained  by  saturating  a  boiling  solution  of  corrosive  sublimate 
with  the  red  iodide  of  mercury,  and  allowing  it  to  crystallize. 
Iodide  of  mercury  also  forms  definite  compounds  with  the  oxide, 
and  with  the  sulphide  of  the  metal. 

Two  bromides,  analogous  to  the  chlorides  of  mercury  may  be 
formed;  they  yield  corresponding  double  salts. 

(783)  Nitride  of  Mercury. — Plantamour  states,  that  by  trans- 
mitting a  current  of  dry  ammoniacal  gas  over  the  yellow  oxide  of 
mercury,  precipitated  from  its  salts  by  an  alkali,  and  well  dried  at 
a  temperature  not  exceeding  300°  F.,  water  is  formed  and  volati- 
lized, whilst  an  anhydrous  powder  of  a  flea-brown  colour  is  pro- 
duced. It  detonates  powerfully  when  heated,  or  struck  ;  the  acids 
decompose  it,  forming  salts  of  ammonia  and  mercury.  Its 
probable  composition  is  HggN,  as  inferred  from  the  mode  of 
preparing  it;  3  HgO  +  H3N=::Hg3N  +  3  HO. 

(784)  Sulphate  of  Mercury  (HgO,  SO3),  Eq.  148,  Sp.  Gr. 
4.' 666. — When  2  parts  of  mercury  are  gently  heated  with  3  of  oil 
of  vitriol,  sulphurous  acid  is  evolved,  and  subsulphate  of  mercury 
is  procured ;  but  if  the  heat  be  increased,  and  the  distillation  be 
carried  to  dryness,  the  sulphate  is  formed ;  sulphurous  acid  being 
extricated,  whilst  the  mercury  takes  oxygen  from  the  sulphuric  acid ; 
Hg  +  2  S03  =  HgO,  SO3  +  SO2.  It  is  a  white  crystaUine  powder, 
which  is  soluble  in  a  solution  of  common  salt,  but  is  decomposed  by 
pure  water  into  an  insoluble  yellow  subsalt,  called  turpeth  mineral 

3  HgO,  SO3,  and  a  soluble  supersalt,  which  crystallizes  in  deli- 
quescent needles  :  the  yellow  subsalt  is  formed  more  rapidly  if  the 
sulphate  be  washed  with  boiling  water.  The  neutral  sulphate  unites 
with  sulphate  of  ammonia,  and  forms  a  crystallizable  double  salt. 

(785)  The  nitrates  of  mercury  are  more  numerous  than 
those  of  any  other  metal.  The  neutral  subnitrate  is  obtained  by 
digesting  metallic  mercury  in  an  excess  of  nitric  acid  diluted  with 

4  or   5   times  its  bulk   of  water  :  it  crystallizes  in   transparent 

3  u 
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prisms_,  HgaO,  NO5,  2  aq ;  Water  decomposes  it  into  an  insoluble 
basic  salt,  and  a  soluble  acid  one.  A  soluble  subnitrate,  which  is 
often  mistaken  for  the  neutral  salt,  crystallizes  in  large  transparent 
prisms^  and  is  obtained  by  digesting  an  excess  of  mercury  in  dilute 
nitric  acid  :  its  composition  is  4  HggO,  3  NO5,  2  aq.  Marignac 
finds  that  by  boiling  the  mother  liquors  of  the  preceding  salts,  upon 
an  excess  of  mercury  for  several  hours,  oblique  colourless  prisms 
are  deposited,  to  which  he  assigns  the  formula,  5  HgaO,  3  NO5, 
2  HO.      Other  subnitrates  appear  to  exist. 

A  neutral  nitrate  of  the  red  oxide,  2  (HgO,  NOg),  HO,  is 
slowly  formed  in  voluminous  crystals,  by  dissolving  the  red  oxide 
of  mercury  in  an  excess  of  nitric  acid,  and  evaporating  the  liquid 
until  it  assumes  a  syrupy  consistence.  Another  nitrate,  2  HgO, 
NO5,  HO,  is  deposited  in  acicular  crystals  from  a  boiling  solu- 
tion of  mercury  in  excess  of  nitric  acid  ;  but  it  is  obtained  with 
greater  certainty  by  saturating  nitric  acid,  of  sp.  gr.  1-4,  diluted 
with  an  equal  bulk  of  water,  with  the  red  oxide  of  mercurj^ 
The  solutions  of  both  these  salts  are  decomposed  when  diluted 
freely  with  water ;  a  white  insoluble  basic  nitrate,  3  HgO,  NO5, 
HO,  is  precipitated  :  by  long-continued  washing  with  hot  water, 
the  whole  of  the  nitric  acid  is  removed  from  this  basic  salt,  and 
oxide  of  mercury  is  left  Solutions  of  the  nitrates  of  the  red 
oxide  of  mercury,  when  digested  upon  an  excess  of  the  metal,  are 
converted  into  nitrate  of  the  suboxide. 

(786)  Characters  of  the  Salts  of  Mercury. — Most  of  the 
salts  of  mercury  are  colourless,  but  some  of  the  basic  salts  of  the 
red  oxide  are  yellow.  The  following  characters  are  common  to 
the  salts  of  both  oxides.  The  soluble  compounds  have  an  acrid, 
nauseous,  metallic  taste  :  in  large  doses  they  act  as  irritant  poisons. 
All  the  compounds  of  mercury  are  volatilized  by  heat.  If  a  small 
quantity  of  any  of  the  dry  salts  of  this  metal  be  placed  at  the 
bottom  of  a  tube  of  the  diameter  of  a  quill,  and  be  covered  to  the 
depth  of  an  inch  with  a  layer  of  dried  carbonate  of  soda  or  potash, 
mercury  may  be  obtained  in  the  form  of  a  sublimate  of  minute 
globules,  by  heating  the  upper  part  of  the  layer  of  the  carbonate  to 
redness,  and  slowly  driving  the  vapour  of  the  mercurial  compound 
over  it. 

The  presence  of  mercury,  when  in  solution,  may  be  detected  by 
placing  a  small  portion  of  the  liquid  on  a  piece  of  gold  such  as 
a  half-sovereign,  and  touching  the  metal  through  the  liquid  with  a 
scrap  of  zinc,  or  with  the  point  of  a  steel  knife.     The  mercury  will 
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be  deposited  by  voltaic  action  in  the  form  of  a  white  stain  upon  the 
gold.  This  stain  will  disappear  on  heating  the  gold  to  redness. 
The  salts  of  mercury^  whether  soluble  or  insoluble,,  are  all  reduced 
to  the  metallic  state  when  heated  with  a  solution  of  'proto chloride 
of  tin.  A  strip  of  metallic  copper  becomes  amalgamated,  if  rubbed 
with  a  solution  containing  mercury. 

1 .  ^alts  of  the  suboxide  of  mercury  are  characterized  when  in 
solution,  by  yielding  with  caustic  potash,  soda,  or  Ihne,  a  black 
precipitate  of  suboxide  of  mercury.  Ammonia  also  gives  a  black 
precipitate.  Ferrocyanide  of  potassium  gives  a  white  precipitate. 
Sulphuretted  hydrogen  and  hydrosulphate  of  ammonia  each  yields  a 
black  sulphide  of  mercury.  Hydrochloric  acid  and  solutions  of  the 
chlorides  cause  a  white  precipitate  of  calomel,  which  is  blackened 
by  the  addition  of  an  excess  of  ammonia.  Iodide  of  potassium 
gives  a  green  subiodide  of  mercury ;  and  chromate  of  potash  a 
bright  red  subchromate  of  the  metal. 

2.  Salts  of  the  red  oxide,  when  in  solution,  yield  with  solu- 
tions of  potash,  soda,  or  lime,  a  bright  yellow  precipitate  of  oxide 
of  mercury;  with  ammonia,  a  white  precipitate;  with  neutral 
carbonate  of  potash,  a  yellow  precipitate  of  oxide  ;  with  bicarbonate 
of  potash,  a  red  precipitate  of  oxychloride  of  mercury.  Hydrosul- 
phate of  ammonia  gives  a  black  precipitate ;  and  sulphuretted  hydro- 
gen, a  dirty  white  precipitate,  which  passes  through  red  into  black. 
Iodide  of  potassium  precipitates  a  salmon  coloured  iodide  of  mer- 
cury, which  quickly  becomes  of  a  brilliant  scarlet :  this  precipitate 
is  soluble  in  excess  both  of  iodide  of  potassium,  and  of  bichloride  of 
mercury.  Hydrochloric  acid  and  solutions  of  the  chlorides  give  no 
precipitate  with  the  salts  of  the  red  oxide  of  mercury. 

(787)  Estimation  of  Mercury. — Mercury  is  usually  estimated 
in  the  metallic  form.  In  the  absence  of  lead  and  silver,  it  is  often 
precipitated  in  this  state  from  its  solutions  by  means  of  proto- 
chloride  of  tin,  acidulated  with  hydrochloric  acid :  the  metal  is 
collected  on  a  weighed  filter,  and  dried  in  vacuo  over  sulphuric  acid. 

When  the  compound  is  in  the  solid  form,  the  plan  recom- 
mended by  Millon,  for  effecting  the  decomposition  of  the  combina- 
tions of  mercury  and  for  collecting  the  metal  is  the  following : — A 
hard  glass  tube,  15  or  16  inches  long,  such  as  is  used  in  the  analysis 
of  organic  compounds,  is  drawn  out  in  the  manner  represented  in 
fig.  312,  and  at  a  a  small  bulb  is  formed  for  the  reception  of  the 
mercury ;  a  plug  of  asbestos  is  placed  at  b ;  the  tube  is  then  filled 
as  far  as  c  with  fragments  of  quick  lime,  and  the  mercurial  com- 
pound in  quantity  varying  from  15  to  50  grains  is  introduced  between 
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c  and  dj  and  the  tube  is  filled  np  with  fragments  of  lime.  If  nitric 
acid  be  present  in  the  compound,  metallic  copper  must  be  substituted 
for  quick  lime.  The  extremity,  e,  is  connected  with  an  apparatus,  g, 
which  supplies  a  steady  current  of  pure  dry  hydrogen;  the  tube  being 
placed  in  a  sheet-iron  furnace,/;  while  the  receiver,  a, projects  beyond 

Fig.  312. 


the  furnace,  and  is  kept  cool.  As  soon  as  the  apparatus  is  filled  with 
gas,  lighted  charcoal  is  applied  to  the  first  third  of  the  tube  between 
b  and  c,  and  when  it  is  at  a  full  red  heat,  glowing  charcoal  is  very 
gradually  added  until  the  whole  length  of  the  tube  is  red  hot ;  the 
mercury  collects  in  a,  and  the  water,  which  is  at  first  condensed, 
is  gradually  removed  by  the  current  of  dry  hydrogen.  When  the 
operation  is  over,  the  narrow  portion  of  the  tube  between  a  and  b 
is  cut  with  a  file,  and  the  detached  portion  «,  ^vith  its  contents,  is 
weighed  ;  the  mercury  is  emptied,  the  bulb  cleaned  with  nitric  acid 
and  water,  then  dried,  and  weighed  a  second  time ;  the  diff'erence 
gives  the  weight  of  the  condensed  mercury. 


§  II.  Silver. 

Symbol  J  Ag ;  Equivalent^  108  ;  Specific  Gravity,  I0'53. 

(788)  Silver  has  been  known  from  the  earliest  ages,  and  has 
always  been  prized  for  its  rarity,  beauty,  and  its  brilliant  lustre. 
It  has  a  white  colour  with  a  tinge  of  red ;  in  hardness  it  is  inter- 
mediate between  copper  and  gold,  and  it  is  endowed  with  con- 
siderable tenacity ;  it  may  be  hammered  into  very  thin  leaves,  and 
admits  of  being  drawn  into  very  fine  wire.  By  repeated  heatings, 
however,  this  metal  assumes  a  crystalline  texture,  and  it  then 
becomes  extremely  brittle.  It  crystallizes  in  forms  belonging  to 
the  regular  system.  Silver  fuses  at  1873°  F.,  and  on  cooling 
expands  forcibly  at  the  moment  of  solidification.      It  is  not  sensibly 
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volatile  in  closed  vessels^  but  a  silver  wire  is  dispersed  in  greenish 
vapours  when  a  very  powerful  electrical  discharge  is  sent  through 
it.  It  is,  however,  an  excellent  conductor  both  of  heat  and  elec- 
tricity, and  is  not  inferior  in  these  respects  to  any  known  substance. 
Silver  is  not  oxidized  by  exposure  at  any  temperature  either  to  a 
dry  or  a  moist  atmosphere.  Pure  silver,  however,  when  melted, 
absorbs  oxygen  mechanically,  but  the  gas  is  given  off  at  the  moment 
of  solidification  :  if  a  mass  of  melted  silver  be  allowed  to  cool  sud- 
denly, the  outer  crust  becomes  solidified,  and  when  the  interior  por- 
tion assumes  the  solid  condition  it  ruptures  the  crust ;  small  tubes 
or  globules  of  melted  metal  are  thus  forcibly  expelled  by  the 
escaping  oxygen,  aided  by  the  sudden  expansion  which  the  silver 
undergoes  in  the  act  of  solidification.  This  phenomenon,  which  is 
termed  the  spitting  of  the  globule,  is  entirely  prevented  by  the  pre- 
sence of  I  or  2  per  cent,  of  copper.  Silver  has  a  powerful  affinity 
for  sulphur  ;  by  long  exposure  to  the  air  the  metal  becomes  super- 
ficially blackened  or  tarnished,  from  the  formation  of  a  thin  film 
of  sulphide  upon  its  surface,  owing  to  the  decomposing  action  of 
the  metal  upon  the  small  portion  of  sulphuretted  hydrogen  which 
is  constantly  floating  in  the  air,  especially  of  laige  towns. 

The  best  solvent  for  silver  is  nitric  acid,  which,  if  diluted  with 
an  equal  bulk  of  water,  acts  upon  the  metal  with  great  violence,  dis- 
solving it  rapidly  and  evolving  binoxide  of  nitrogen,  while  nitrate 
of  silver  is  formed.  Hydrochloric  acid  acts  but  slightly  upon  it. 
Aqua  regia  attacks  it  more  rapidly.  Boiling  oil  of  vitriol  oxidizes 
it  with  evolution  of  sulphurous  acid.  If  common  salt  be  moistened 
and  left  in  contact  with  silver,  it  gradually  corrodes  it.  The  alka- 
lies exert  scarcely  any  action  upon  it,  whether  in  solution  or  when 
fused  by  heat,  and  hence  crucibles  for  the  fusion  of  refractory 
minerals  with  caustic  potash,  are  commonly  made  of  this  metal. 

The  value  of  silver  as  a  medium  of  exchange  has  caused  it  to 
be  adopted  as  such  by  all  civilized  nations  from  the  earliest  ages  of 
the  world.  When  alloyed  with  certain  proportions  of  copper  it 
is  us3d  for  the  current  coin  of  the  realm,  and  for  the  various 
articles  of  plate.  From  its  superior  power  of  reflecting  light,  it  forms 
the  best  surface  for  the  reflectors  employed  in  lighthouses  at  sea. 

(789)  Extraction  of  Silver  from  its  Ores. — Silver  is  frequently 
met  with  in  the  native  state ;  either  pure,  when  it  occurs  in  fibrous 
masses,  or  crystallized  in  cubes  or  octohedra,  or  sometimes  com- 
bined with  gold,  mercury,  or  antimony :  generally,  however,  it  is 
found  in  combination  with  sulphur,  mixed  with  sulphides  of  lead, 
antimony,  copper,  and  iron.  The  mines  of  Peru  and  Mexico  are 
the  most  extensive  sources  of  silver.     In  Europe,  those  of  Kongs- 
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berg  in  Norway^  and  of  Schneeberg  and  Freyberg  in  Saxony,  are 
celebrated :  there  are  also  numerous  other  mines  from  wliicli 
smaller  quantities  are  obtained.  The  ores  of  silver  occur  usually 
among  the  primitive  rocks,  frequently  in  calcareous  veins,  traversing 
either  gneiss,  or  slaty  and  micaceous  deposits. 

At  Freyberg,  silver  is  for  the  most  part  extracted  from  the  sul- 
phide by  the  method  of  amalgamation.  The  plumbiferous  ores  are 
in  this  case  rejected,  as  they  are  not  adapted  to  this  method  of 
proceeding,  but  are  treated  in  the  manner  already  mentioned,  vrhen 
speaking  of  the  ores  of  lead  {j^'^)'  The  ores  are  usually  sorted,  so 
that  they  shall  contain  about  0-24  parts  of  silver  in  too,  or  about 
80  ounces  per  ton  of  ore,  and  not  more  than  i  per  cent,  of  copper ; 
the  proportion  of  iron  pyrites  is  not  allowed  to  exceed,  or  greatly 
to  fall  short  of  35  per  cent.  The  metalliferous  mass,  after  being 
reduced  to  a  coarse  powder,  is  mixed  with  -roth  of  its  weight  of 
common  salt,  and  sifted,  to  ensure  its  intimate  incorporation  ;  it  is 
then  roasted,  at  first  at  a  low  red  heat :  during  this  operation,  care  is 
taken  to  keep  the  mixture  constantly  stirred,  in  order  as  far  as  pos- 
sible to  prevent  it  from  concreting  into  lumps.  Meantime  arsenic 
and  antimony  are  expelled  in  dense  white  fumes  of  arsenious  acid 
and  oxide  of  antimony,  and  the  sulphides  of  the  other  metals  are 
partially  oxidized :  the  silver  obtains  chlorine  from  the  salt,  the 
sodium  of  which  unites  with  oxygen  and  sulphur,  chloride  of  silver 
and  sulphate  of  soda  being  formed;  the  copper  and  the  iron  are 
changed,  partly  into  sulphates,  partly  into  chlorides,  and  partly 
into  oxides,  as  the  equations  subjoined  will  show  : — 

AgS  +  NaCl  +  04=AgCl  +  NaO,  SO3; 

CuS  +  04=CuO,  SO3; 

2  CuS  +  2  NaCl  +  80  =  CuJ^X  +  CI  +  2  (NaO,  SO3) ; 

2  FeS2  +  3NaCl+i4  0  =  Fe2Cl3  +  3(NaO,  803)  + SO2. 

During  the  early  stages  of  this  operation,  fumes  of  sulphurous 
acid  are  given  off  abundantly,  and  the  roasting  is  continued  until 
these  are  in  great  measure  replaced  by  chlorine  and  perchloride  of 
iron.  A  charge  of  4J  cwt.  requires  6  hours^  roasting.  The  roasted 
mass  is  now  raked  out  of  the  furnace,  and  is  allowed  to  cool ;  it  is 
next  sifted  in  order  to  separate  the  lumps,  which  are  powdered  and 
are  again  submitted  to  the  same  operation.  About  85  per  cent,  of 
the  silver  is  thus  converted  into  chloride  at  the  first  roasting.  The 
portions  which  have  passed  through  the  sieve  are  ground  to  a  fine 
powder,  and  passed  through  a  bolting  sieve  to  procure  a  meal 
of  extreme  fineness.  This  powder  is  next  placed,  with  from  a 
third    to  half  its    weight  of   water,    in    large   casks,   which   are 
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charged  with  half  a  ton  of  the  ore.  These  casks  are  caused  to 
revolve  upon  horizontal  axes^  about  20  times  per  minute;  i  cwt. 
of  scrap  wrought-iron  is  then  introduced  into  each  cask,  and  after 
the  lapse  of  an  hour,  5  cwt.  of  mercury  is  added,  after  which  the 
casks  are  again  made  to  revolve  for  about  20  hours :  during  this 
operation  a  slight  rise  of  temperature  is  observed.  The  mixture  in 
the  casks  consists  principally  of  chloride  of  silver  mixed  with  large 
quantities  of  sulphate  and  dichloride  of  copper,  and  of  the  sesqui- 
chloride  of  iron,  with  a  variable  proportion  of  the  oxides  of  the  two 
latter  metals.  The  object  of  agitating  the  mixture  with  the  iron 
before  adding  the  mercury,  is  to  reduce  the  sesquichloride  of  iron  to 
protochloride  in  the  first  instance ;  if  this  precaution  were  not  taken, 
the  mercury  would  be  partially  converted  into  calomel,  which  would 
not  subsequently  be  decomposed,  and  would  thus  be  lost :  the  excess 
of  iron  afterwards  removes  the  chlorine  from  the  chloride  of  silver, 
and  dichloride  of  copper,  and  the  sulphuric  acid  from  the  copper  : — 

Fe  +  Fe^Cla = 3  FeCl ;    AgCl  +  Fe  =  FeCl  +  Ag. 
Cu2Cl  +  2Fe  =  2FeCl  +  2Cu;  CuO,  S03-f-Fe  =  FeO,  SOg  +  Cu. 

The  silver  and  copper  thus  set  at  liberty,  immediately  unite  with 
the  mercury,  forming  a  liquid  amalgam  :  the  presence  of  the  mer- 
cury favours  this  reaction,  by  establishing  a  voltaic  current.  At 
the  expiration  of  18  or  20  hours  the  casks  are  filled  up  with  water, 
and  are  again  set  in  motion  for  a  couple  of  hours  to  allow  the 
amalgam  to  be  washed  out  of  the  spent  materials ;  after  which  the 
fluid  amalgam  is  drawn  off  into  sacks  of  ticking ;  these  sacks  form 
a  kind  of  rude  filter  through  which  the  greater  part  of  the  mercury 
runs  into  a  stone  trough,  leaving  behind  it  a  soft  solid  containing 
from  15  to  1 7  per  cent,  of  silver.  The  mud  in  the  casks  is  again  sub- 
mitted to  Avashing ;  the  residual  amalgam 
subsides  owing  to  its  greater  density,  and 
the  lighter  portions  are  rejected.  The  fil- 
tered part  of  the  mercury,  which  retains  a 
small  quantity  of  silver,  is  used  again  for 
the  amalgamation  of  a  fresh  portion  of 
ore.  The  silver  in  the  solid  amalgam  has 
now  to  be  separated  from  the  remaining 
mercury ;  for  this  purpose  it  is  placed  in 
trays,  supported  on  a  tripod,  c,  fig.  313, 
under  a  large  distillatory  iron  bell,  b,  round 
the  upper  part  of  which  a  fire,  a,  is  lighted; 
the  bell  and  its  contents  are  thus  brought 
to  a  red  heat,  by  which  means  the  mercury  is  driven  off;  its  va- 


Fig.  313. 
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pour  descends,  and  is  condensed  in  the  water  contained  in  the 
vessel,  D.  The  operation  is  generally  performed  on  5  cwt.  of 
amalgam  at  a  time,  and  occupies  8  hours.  The  residual  spongy 
mass  of  silver  and  copper  is  then  fused  and  cast  into  ingots,  which 
in  the  Saxon  mines  consist  usually  of  about  70  parts  of  pure  silver 
and  28  of  copper  per  cent.* 

(790)  American  Process  of  Amalgamation. — In  the  mining 
districts  of  Mexico  and  Chili,  where  fuel  is  expensive,  and  where 
ores  are  often  worked  of  a  much  poorer  description  than  in  Europe, 
the  process  of  amalgamation  is  different.  A  good  deal  of  the  silver 
occurs  in  the  native  state,  so  that  it  unites  directly  with  the  mercury. 
The  mineral  is  stamped  and  ground  to  a  fine  powder  in  mills,  then 
moistened  with  water,  and  mingled  with  from  1  to  5  per  cent,  of  salt; 
the  mixing  is  effected  by  the  trampling  of  horses  during  6  or  8  hours. 
The  ore  thus  blended  with  the  salt  is  allowed  to  remain  undisturbed 
for  some  days,  after  which  an  addition  of  xD^oth  or  a^oth  of  its 
weight  of  what  is  technically  termed  magistral,  is  made.  This 
substance  consists  of  roasted  copper  pyrites,  and  contains  about  10 
per  cent,  of  sulphate  of  copper,  the  remainder  being  sulphate  of 
iron  and  other  impurities;  mercury,  to  the  extent  of  twice  the 
quantity  of  silver  that  the  ore  contains,  is  then  added,  the  mixture 
being  effected  as  before,  by  the  trampling  of  horses.  It  is  again 
allowed  to  rest  for  16  or  20  days  :  during  this  period  a  consi- 
derable portion  of  the  silver  becomes  united  with  the  mercury,  and 

*  An  improvement  upon  this  process  has  been  introduced  by  Augustin, 
who  dispenses  with  the  nse  of  mercury  altogether.  After  the  ore  has  been 
roasted  first  by  itself,  and  again  a  second  time  with  chloride  of  sodium,  it  is 
digested  in  a  concentrated  solution  of  common  salt ; — such  a  solution  dissolves 
chloride  of  silver  readily  :  a  dilute  solution  of  chloride  of  sodium  exerts  little 
or  no  solvent  action  ;  and  the  concentrated  liquid  when  diluted  deposits  the 
chloride  of  silver  which  it  had  previously  dissolved.  In  practice  it  is  found 
better,  instead  of  diluting  the  liquid,  to  digest  it  upon  metallic  copper ;  tlie 
chloride  of  silver  is  decomposed,  chloride  of  copper  is  formed  and  dissolved, 
whilst  metallic  silver  is  precipitated.  The  presence  of  chloride  of  copper  in 
the  solution  of  the  chloride  of  sodium  does  not  prevent  the  Hquid  from  being 
employed  again  for  the  extraction  of  chloride  of  silver  from  fresh  portions  of 
the  roasted  ore. 

Another  important  improvement  in  the  operation  was  made  by  Ziervogel. 
He  avoids  the  preparation  of  chloride  of  silver  entirely,  and  merely  roasts  the 
sulphurous  ores,  in  such  a  manner  that  the  sulphates  of  iron  and  copper  are 
completely  decomposed,  whilst  the  sulphate  of  silver,  which  M'ithstands  a 
much  higher  temperature,  remains  undecomposed  in  the  mass.  In  this  opera- 
tion the  powdered  ore  is  roasted  till  it  gives  off  no  odour  of  sulphurous  acid, 
and  yields  no  sensible  amount  of  sulphate  of  copper  when  thrown  red-hot  into 
water :  boiling  water  then  dissolves  out  the  sulphate  of  silver,  but  the  oxides 
of  copper  and  iron  remain  undissolved.  The  silver  is  precipitated  from  the 
liquid  by  means  of  metallic  copper  as  before.  Both  these  processes  have 
been  patented  and  practised  on  a  large  scale  in  En^dand. 


AMERICAN    PROCESS    OF   AMALGAMATION LIQUATION.        1029 

at  the  same  time  a  large  quantity  of  calomel  is  formed.  Another 
equal  quantity  of  mercury  is  added,  and  a  still  longer  interval  of 
rest  is  allowed ;  then  a  third  dose  of  mercury  to  the  same  extent 
follows  j  by  this  last  addition  a  fluid  amalgam  is  obtained,  which  is 
separated  by  washing,  filtered,  and  the  mercury  is  expelled  from 
the  silver  by  distillation.  The  quantity  of  mercury  consumed  in 
this  process  varies  from  130  to  150  parts  for  each  100  parts  of 
silver  extracted,  great  waste  being  incurred  owing  to  the  forma- 
tion of  calomel,  which  is  not  recovered.  It  is  calculated  that  up 
to  the  close  of  the  last  century,  6  million  cwt.  of  mercury  had 
thus  been  lost  by  the  processes  adopted  in  the  American  mines  in 
the  course  of  200  years. 

The  theory  of  this  operation  is  rather  obscure.  The  sulphate  of 
copper  of  the  magistral,  and  the  chloride  of  sodium  decompose  each 
other,  chloride  of  copper  and  sulphate  of  soda  being  formed. 
Chloride  of  copper,  in  the  presence  of  metallic  silver,  is  converted 
into  dichloride  of  copper,  whilst  chloride  of  silver  is  produced  ; 
2  CuCl  +  Ag  =  Cu2Cl  +  AgCl.  When  dichloride  of  copper,  with 
excess  of  common  salt  and  water,  is  brought  into  contact  with  sul- 
phide of  silver  the  dichloride  of  copper  is  dissolved  by  the  solution  of 
chloride  of  sodium ;  the  copper  is  converted  into  sulphide,  whilst 
chloride  of  silver,  is  formed  by  double  decomposition ;  CU2CI  -f- 
AgS  =  Cu2S  +  AgCl.  The  excess  of  salt  dissolves  the  chloride  of 
silver,  and  the  addition  of  mercury  decomposes  this  dissolved 
chloride ;  calomel  is  formed,  and  an  amalgam  of  silver  is  procured  ; 
AgCl  -f-  Hg2=Hg2Cl  +  Ag.  If  too  much  magistral  be  added, 
an  excess  of  chloride  of  copper,  CuCl,  is  produced;  this  state 
of  the  mixture  is  easily  perceived,  as  in  such  a  case  the  globules 
of  mercury  in  the  mixture  appear  to  be  too  minutely  divided  ;  the 
addition  of  lime  then  becomes  necessary  in  order  to  decompose  the 
excess  of  the  chloride  of  copper,  otherwise  this  salt  would  reconvert 
the  silver  into  chloride,  and  the  mercury  into  calomel. 

(791)  Separatmn  of  Silver  from  Copper  by  Liquation. — It  occa- 
sionally happens  that  a  copper  ore  contains  a  considerable  amount 
of  silver,  which,  under  certain  circumstances,  it  may  be  desirable  to 
extract  by  the  process  of  liquation.  For  this  purpose,  the 
copper  having  been  brought  to  the  stage  of  blister  copper  ['J'^'^), 
is  melted  with  from  3  to  4  times  its  weight  of  lead;  the 
mixture  is  cast  into  circular  ingots  in  iron  moulds,  which  suddenly 
cool  the  alloy,  and  cause  it  to  solidify  before  the  copper  and  lead 
have  time  to  separate.  The  proportion  of  lead  should  not  be  less 
than  500  times  that  of  the  silver  in  the  mass.      These  cakes  are 
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then  subjected  to  the  action  of  a  moderate  heat ;  the  lead,  combined 
with  nearly  all  the  silver,  and  a  small  proportion  of  copper,  gra- 
dually runs  from  the  mass,  leaving  a  spongy  residue,  consisting 
chiefly  of  copper,  but  still  retaining  a  small  proportion  of  lead.  The 
argentiferous  lead  is  then  subjected  to  the  process  of  cupellation( 7 53), 
whilst  the  copper  from  which  it  has  been  separated  is  subjected  to 
a  patient  roasting  to  oxidize  the  remainder  of  the  lead,  and  is  then 
refined  much  in  the  usual  manner. 

(792)  Plating  and  Silvering. — Silver  is  frequently  employed 
to  give  a  coating  to  the  sui'face  of  less  expensive  metals.  Goods 
so  prepared  are  said  to  be  plated  if  the  proportion  of  silver  be 
considerable,  and  silve7^ed  if  it  be  small.  Plating  on  copper  is 
effected  by  polishing  the  upper  surface  of  the  ingot  which  is  to  be 
plated,  and  then  placing  upon  it  a  bright  slip  of  silver,  the  super- 
ficial area  of  which  is  a  little  smaller  than  that  of  the  copper 
which  it  is  intended  to  cover.  The  thickness  of  the  plate  of  silver 
in  proportion  to  that  of  the  copper  varies  with  the  value  of  the 
goods.  The  compound  ingot  is  then  exposed  to  a  temperature 
just  below  the  fusing  point  of  the  silver,  which  softens  at  its  surface. 
By  hammering  or  rolling  out  at  this  high  heat,  the  two  metals 
are  sweated  together,  as  it  is  termed,  and  become  inseparably 
united.  No  solder  is  used  in  this  process,  but  a  small  portion  of 
powdered  borax  is  placed  round  the  edge  of  the  silver  to  prevent 
the  surface  of  the  copper  from  becoming  oxidated.  The  ingot  is 
then  rolled  until  it  is  reduced  to  the  required  degree  of  tenuity. 

Plating  on  steel  is  effected  rather  difterently.  The  article  (a 
dessert  knife,  for  example),  having  been  first  brought  to  the  shape 
required,  is  tinned  upon  its  surface,  and  then  a  slip  of  silver  foil  is 
soldered  on.  After  the  silver  has  been  attached,  the  superfluous 
portion  is  removed,  and  the  article  is  finished  up  and  polished. 

These  methods  of  plating  have,  however,  been  in  a  great  degree 
superseded  by  the  process  of  electro-plating,  in  which  the  silver  is 
deposited  upon  the  surface  by  voltaic  action.  The  mode  of  doing 
this  will  be  explained  hereafter. 

Silvering  may  be  effected  either  by  the  ivetj  or  by  tlie  dry 
method.  The  wet  method  is  usually  adopted  for  such  purposes  as 
the  silvering  of  thermometer  scales.  It  is  generally  executed 
either  on  brass  or  copper  :  the  surfiice  of  these  metals  is  cleaned 
by  dipping,  or  momentary  immersion  of  the  articles  in  nitric  acid, 
to  remove  the  film  of  oxide  which  always  forms  from  exposure  to 
the  atmosphere,  even  for  a  fcAv  hours.  They  are  then  rubbed  over 
with  a  mixture  of  too  parts  of  cream  of  tartar,   10  of  chloride  of 
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silver,  and  i  part  of  corrosive  sublimate.  The  mercury  appears 
to  act  as  a  kind  of  solder  to  the  silver ;  the  copper  combines  with 
the  chlorine  both  of  the  chloride  of  silver  and  of  the  sublimate; 
the  surface  is  afterwards  polished. 

Dry  silvering  is  effected  by  dissolving  a  certain  quantity  of 
silver  in  mercury ;  the  '  dipped  ^  articles  are  agitated  with  a  por- 
tion of  this  amalgam,  which  diffuses  itself  uniformly  over  the 
surface.  By  the  application  of  heat  the  mercury  is  expelled, 
leaving  a  very  thin  film  of  silver  behind :  on  polishing  the  trinkets 
a  bright  silvered  surface  is  obtained. 

(793)  Silvering  of  Mirrors. — Some  of  the  salts  of  silver  when 
mixed  with  certain  organic  solutions  are  reduced  to  the  metallic 
state,  the  silver  being  deposited  upon  the  surfaces  of  glass  vessels, 
in  which  the  experiment  is  made,  in  the  form  of  a  brilliant,  adher- 
ing, mirror-like  coating.  Mr.  Drayton  some  years  ago  proposed  to 
apply  this  observation  to  the  silvering  of  mirrors  upon  the  large 
scale,  as  the  coating  adapts  itself  not  only  to  flat  surfaces,  but 
to  those  also  which  are  curved,  or  cut  into  patterns.  This  process, 
according  to  MM.  Pelouze  and  Fremy  {Traite  de  Chimie,  Second 
Edition,  III.,  347),  is  now  successfully  practised  at  Paris,  as  follows  : 
— 600  grains  of  pure  neutral  nitrate  of  silver  are  dissolved  in  1 200 
grains  of  water.  To  this  solution  are  added:  ist,  'j^  grains  of  a 
liquor  prepared  from  25  parts  of  distilled  water,  10  of  sesquicar- 
bonate  of  ammonia,  and  10  of  solution  of  ammonia,  of  sp.  gr. 
0*980 ;  2nd,  30  grains  of  solution  of  ammonia,  sp.  gr.  o'qSo  ;  and 
3rd,  t8oo  grains  of  alcohol,  sp.  gr.  0*850.  The  mixture  is  left  at 
rest  to  become  clear.  The  liquid  is  decanted  or  filtered,  and  a 
mixture  of  equal  parts  of  alcohol  (sp.  gr.  0*850)  and  of  oil  of  cassia 
is  added  in  the  proportion  of  i  part  of  this  essence  of  cassia  to 
15  parts  of  the  solution  of  silver;  the  mixture  is  agitated  and  left 
to  settle  for  several  hours,  after  which  it  is  filtered.  Just  before 
pouring  it  upon  the  glass  to  be  silvered,  it  is  mixed  with  tV  of  its 
bulk  of  essence  of  cloves  (composed  of  i  part  of  oil  of  cloves,  and  3  of 
alcohol,  sp.  gr.  0*850).  The  glass  having  been  thoroughly  cleansed, 
is  covered  with  the  silvering  liquid,  and  warmed  to  about  100°  F., 
at  which  temperature  it  is  maintained  for  2  or  3  hours ;  the  liquid 
is  then  decanted,  and  may  be  employed  for  silvering  other  glasses. 
The  deposit  of  silver  upon  the  glass  is  washed,  dried,  and  then 
varnished. 

An  alcoholic  solution  of  grape  sugar  produces  the  same  result, 
if  substituted  for  the  oils  of  cassia  and  cloves,  but  the  deposit 
occurs  much  more  slowly. 


103.2  ALLOYS    OF    SILVER. 

(794)  Alloys  of  Silver. — Various  alloys  of  silver  may  be  obtained 
with  facility,  but  the  only  one  extensively  used,  except  the  amalgam 
for  the  purposes  of  silvering,  is  the  alloy  of  silver  with  copper.  Pure 
silver  is  too  soft  for  ordinary  uses,  such  as  the  fabrication  of  coin  and 
jeweller^s  work,  and  would  soon  waste  by  the  constant  friction  it 
would  experience.  In  order  to  confer  a  sufficient  degree  of  hardness 
upon  the  silver,  it  is  combined  with  a  small  portion  of  copper. 
The  proportion  of  copper  in  the  '  standard  ^  silver  employed  for 
coinage  varies  in  different  countries  :  in  England  it  amounts  to  7*5 
per  cent.,  in  France  to  10  per  cent.,  and  in  Prussia  to  25  per  cent. 
Silver  and  copper  in  uniting  to  form  an  alloy  expand  slightly,  so 
that  the  density  of  the  mixture  is  somewhat  less  than  the  calcu- 
lated mean.  English  standard  silver  has  a  density  of  I0'20, 
instead  of  10*35.  Experience  has  shown  that  an  alloy  of  silver 
and  copper,  however  carefully  the  two  metals  be  incorporated, 
undergoes  when  melted  a  species  of  liquation  as  the  mass  slowly 
solidifies;  when  cast  into  ingots,  the  interior  parts  of  the  bars  have  a 
composition  diflPerent  from  that  of  the  superficial  portions  :  a  cir- 
cumstance of  some  importance  in  the  preparation  of  standard  silver 
for  the  purposes  of  coinage.  The  only  alloy  in  which  this  partial 
separation  of  the  two  metals  was  found  not  to  occur  is  stated  by 
M.  Levol  (A?in.  de  Chimie,  III.,  xxxvi.  220),  to  consist  of  719  parts 
of  silver  and  281  of  copper,  corresponding  to  the  formula  AggCu^. 
This  liquation  is  comparatively  trifling  in  amount  in  bars  which 
contain  950  parts  of  silver  and  upwards  in  1000  :  in  bars  which 
contain  a  larger  proportion  of  silver  than  719  in  1000  of 
alloy,  the  central  portions  of  the  ingot  were  found  to  be  richer 
than  those  upon  the  surface;  but  in  alloys  of  lower  value  the 
proportion  of  silver  w^as  greatest  on  the  surface  of  the  ingot. 

(795)  Assay  of  Silver  by  Cupellation. —  From  the  high  price 
of  silver  compared  with  that  of  the  metals  used  to  harden  it,  it  has 
become  an  object  of  great  importance  to  be  able  to  determine  with 
facility  and  with  accuracy,  the  proportion  of  silver  in  any  compound. 
Jeweller's  silver  must  according  to  law  be  of  a  certain  degree  of 
fineness.  In  this  country  each  article,  previous  to  being  sold,  is 
tested  at  Goldsmiths'  Hall,  and  if  approved  is  stamped.  The 
method  of  testing  commonly  employed  is  termed  assaying  or  cupel- 
lation. In  principle  it  depends  upon  the  property  which  lead 
possesses  of  absorbing  oxygen  at  a  high  temperature,  and  of  forming 
with  it  an  easily  fusible  oxide,  which  imparts  oxygen  with  facility 
to  all  metals,  the  oxides  of  Avliich  are  not  reducible  by  heat  alone. 
The  oxides  thus  formed  unite  with  the  oxide  of  lead,  and  produce 
a  fusible  glass,  which  is  easily  absorbed  by  a  porous  crucible  made 
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Fig.  314. 


of  burnt  bones,  termed  a  cupel,  whilst  any  silver  that  the  mixture 
contains  is  left  behind  in  a  bright  globule,  which  admits  of  being 
accurately  weighed.      The   cupel   and  its  contents 
are  shown  in  section  in  fig.  314.      The  cupels  are 
prepared  from  bone  ash  (burnt  to  whiteness,  and 
ground  to  a  fine  powder)^  by  moistening  it  with 
water ;  a  suitable  quantity  of  the  mixture  is  placed 
in  a  mould,  and  the  required  form  and  coherence  is  given  to  it  by 
the  blow  of  a  mallet  or  of  a  press :  the  cupels  are  allowed  to  dry 
thoroughly  before  they  are  used.    The  assay  may  be  conducted  upon 
quantities  of  silver  varying  from  10  to  20  grains  in  weight.      The 
plan  of  proceeding  is  as 
follows  : — In    a   conve- 
nient  furnace,   such  as 
is  shown  in  section   at 
A  A,  fig.  315,  is  placed 
an  earthenware  oven  or 
muffle,  B,  of  semicylin- 
drical   form,    closed    at 
one   end,   and  open   at 
the  other,  with  slits  in 
the  sides   to  allow  the 
free   circulation  of  the 
air;    upon  the  floor  of 
the  muffle,  a  number  of 
cupels  are  arranged  in 
rows,  and  the  tempera- 
ture is  raised  to  bright 
redness.       Equal     por- 
tions of  the  various  samples  of  silver  to  be  assayed,  are  in    the 
meantime    accurately    weighed,    and    wrapped    in    a  quantity  of 
pure  thin  sheet-lead,  the  weight  of  which  varies  with  the    purity 
of  the  alloy;  the  larger  the  proportion   of  foreign  metals  that   it 
contains,  the  greater  is  the  quantity  of  lead  needed.     Each  piece  for 
assay  is  now  placed  in  its  allotted  cupel,  by  means  of  a  long  pair 
of  tongs.    It  quickly  fuses ;  fumes  of  oxide  of  lead  are  seen  rising 
from  the  cupels,  but  the  greater  part  of  the  oxide  is  absorbed  by  the 
cupel,    and   the  silver  is  left  behind  in  a  state  of  purity.       At 
the  moment  that  the  last   portion  of  lead   undergoes   oxidation, 
the  surface  of  the  silver  flashes,  or   lightens,   as  it   is  technically 
termed,  owing  to  the  cause  already  explained  (753).      This  pheno- 
menon indicates  that  the  process  is  completed.      The   button  is 
allowed  to  cool  very  gradually,  to  prevent  the  loss  of  silver   by 
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loss  ia  each  operation_,  the  best  plan  is  to  pass  three  o  icfs., 

with  each  set  of  assays.      These  proofe  consist  of  pieiet  ■■  b  cr 

of  known  weight,  which   are  mixed  with  qnantitice  and 

copper,   approximatively  of  the  same  amoimt  as  tlid n  i  t  it 

the   assays  under  trial.      The    loss    experienced   bj.  |  :^^^  ooU 
affords  a  method  of  checking  the  results  of  the  asi;tiji.  I 

The  most  convenient  system  of  reporting  the  fi  le  i  ver, 

is    the    decimal    method,   which  is  employed  in  :(il|t  f  liei; 
with  the  exception   of  England.      The  practice  liiil   it      i       jcen 

introduced  by  Sir  J.  Herschel  into  the  Mint  of  this  »»  d  it 

probably  will  gradually  supersede  the  cumbrous  and  m  1  oi ! 

which  is  still  generally  employed  by  the  English  assr;vi  i    I  li 

decimal   system  fine  silver  is  termed  looo'o,  and  :  i  ]  on 

any  sample  of  alloy  simply  indicates  the  number  oi'  iiiru 

silver  in  looo  which  it  contains.      Thus,  English    tt  ;  Ire 

contains  925  parts  of  silver,  and  75  of  copper  in    li  !  Iw. 

Erench  standard  contains  900  parts  of  silver,  and    ir  >;)(;' 

in  1000  of  alloy.    English  standard  would  therefoiE'M  :  tl  as 
925 ;  Erench  standard  as  900.                                       ji 

The  proportions  of  lead  which  are  generally  enif^ifl .  „  jJie 
cupellation  of  diff'erent  alloys  are  the  following  : — 

If  1000  parts  of  the  alloy  contain 
1000  parts  of  fine  silver  . 
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A  skilful  assayer  will  generally  be  able  at  once  to  determine 
the  comparative  fineness  of  an  article  from  its  mere  appearance, 
and  will  judge  accordingly  of  the  proportion  of  lead  which  it  will 
require.  Great  care  is  needful  in  regulating  the  temperature  of  the 
furnace  during  the  cupellation  :  if  too  high,  a  part  of  the  silver  will 
be  lost  by  volatilization  ;  if  too  low,  portions  of  lead  and  copper  are 
liable  to  be  retained.  When  the  assay  is  properly  performed,  the 
button  is  brilliant,  well  rounded,  free  from  irregularities  and  some- 
what granular  upon  its  surface  :  it  is  readily  detached  from  the 
cupel.  If  the  assay  adheres  strongly  to  the  cupel,  or  is  irregular 
in  its  outline,  it  retains  a  portion  of  alloy. 

(796)  Assay  of  Silver  by  the  Humid  Process. — The  results  of  the 
process  of  the  assay  by  cupellation,  even  in  experienced  hands,  may 
vary  as  much  as  2  parts  in  1000  :  this  circumstance  induced  Gay 
Lussac  to  contrive  a  different  method,  which  is  now  adopted  not  only 
in  the  French  Mint,  but  is  employed  in  the  Mints  of  Great  Britain 
and  the  United  States,  as  well  as  in  almost  all  the  Mints  of  Em'ope ; 
it  admits  of  an  accurate  estimate  of  the  value  of  an  alloy  to 
within  0*5  in  1000.  This  process  depends  upon  the  precipitation 
of  the  silver  in  the  form  of  an  insoluble  chloride,  and  the  mea- 
surement of  the  amount  of  a  standard  solution  of  chloride  of 
sodium  which  is  required  to  effect  the  complete  precipitation  of 
the  silver  in  a  given  weight  of  the  alloy.  Chloride  of  silver 
easily  collects  into  dense  flocculi  by  agitation  in  a  solution  "vvhich 
is  acidulated  with  nitric  acid,  and  which  contains  no  excess  of 
soluble  chlorides ;  so  that  the  exact  point  at  which  the  precipitate 
ceases  to  be  formed  is  readily  perceived. 

A  solution  of  common  salt  is  prepared  of  such  a  strength,  that 
1000  grains  of  it  are  exactly  sufficient  to  precipitate  10  grains  of 
pure  silver.  10  grains  of  the  alloy  for  examination  are  placed  in 
a  stoppered  bottle,  capable  of  holding  about  6  oz.  of  water,  and  by 
the  aid  of  a  gentle  heat  are  dissolved  in  2  drachms  of  nitric  acid, 
of  specific  gravity  i'25 :  the  solution  of  t?  < 

salt  is  then  placed  in  a  burette  (fig.  316) 
capable  of  holding  rather  more  than  1000 
gi-ains.  The  burette,  when  filled  with  the 
solution,  is  weighed  before  being  used,  and 
the  liquid  is  added  to  the  nitrate  of  silver 
in  the  bottle;  when  it  is  supposed  that  the 
silver  is  nearly  all  precipitated,  the  liquor 
is  briskly  agitated  in  the  bottle,  and  the  precipitate  is  allowed  to 
subside  ;  a  drop  or  two  more  of  the  solution  of  salt  is  then  added : 
if  a  precipitate  be  produced^  the  liquid  is  again  agitated ;  and  when 
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clear,  more  of  the  solution  is  added,  as  before,  as  long  as  any 
turbidity  is  produced  by  the  addition.  When  a  cloud  ceases  to  be 
formed,  the  proportion  of  solution  of  salt  which  has  been  added,  is 
ascertained  by  weighing  the  burette  a  second  time.  The  number 
of  grains  of  the  solution  employed  indicates  the  degree  of  fineness 
of  the  alloy. 

"When,  as  in  the  assay  of  bars  for  coin,  or  for  jeweller's  work, 
a  large  number  of  assays  have  to  be  executed,  all  very  nearly  of  uni- 
form fineness,  the  ope- 
ration maybe  reduced 
to  a  system  by  which 
its  precision  may  be 
increased,  at  the  same 
time  that  it  is  ren- 
dered much  more  easy 
of  execution.  For  this 
purpose,  two  solutions 
of  salt  are  employed  : 
one,  the  standard  solu- 
tion,contsimm^  in  1000 
grains  asufficient  quan- 
ti  ty  of  commercial  chlo- 
ride of  sodium  to  pre- 
cipitate 10  grains  of 
silver  ;*  the  second  so- 
lution, the  demnal 
solution,  having  one- 
tenth  of  the  strength 
of  the  first,  and  being 
prepared  by  diluting 
I  pint  of  the  standard 
solution  with  9  pints  of 
water.  These  solutions 
are  to  be  preserved  in 
well  closed  bottles.  The 
standard  solution  is 
prepared  in  large  quan- 

*  This  solution  contains  approxiraatively  380  grains  of  chloride  of  sodium 
in  a  gallon :  but  as  the  commercial  salt  contains  chloride  of  magnesium,  the 
exact  strength  must  be  determined  by  dissolving  10  grains  of  fine  silver  in  acid, 
and  ])recipitating  it  by  the  addition  of  1000  grains  of  the  solution,  ascertaining 
the  amount  of  the  excess  or  deficiency  of  chloride  in  the  manner  about  to  be 
detailed,  and  then  adding  water  or  salt  as  may  be  needed. 
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titles  at  a  time,  and  kept  in  stoneware  jars,  a,  fig.  317,  capable  of 
containing  20  or  25  gallons ;  6  is  a  small  tube,  which  passes  nearly 
to  the  bottom  of  the  jar,  to  admit  air,  whilst  the  liquid  is  drawn  off  by 
the  stop-cock,  c,  without  allowing  any  loss  by  evaporation ;  c?  is  a 
gauge  by  which  the  quantity  of  liquid  within  is  indicated.  A  series 
of  bottles  fitted  with  ground  stoppers,  and  capable  of  containing 
about  6  fluid  ounces  each,  are  numbered  consecutively  from  i 
upwards ;  into  each  bottle  10  grains  of  the  alloy  for  assay  is  weighed, 
2  drachms  of  nitric  acid  are  added  to  each  bottle,  which  is  placed  in 
a  shallow  vessel  containing  water,  and  gradually  raised  to  the  boiling 
point;  in  ten  minutes  the  alloy  is  completely  dissolved. 

The  precipitation  of  the  silver  in  the  form  of  chloride  is  then 
effected  by  the  aid  of  the  apparatus  now  to  be  described: — g,  fig.  317, 
is  a  glass  pipette  which  can  be  filled  with  the  standard  solution,  of 
known  temperature,  as  indicated  by  the  thermometer,  t.  The 
quantity  of  liquid  introduced  into  the  pipette  is  regulated  by 
means  of  the  stop-cock,  ef,  the  peculiar  construction  of  which  is 
shown  on  a  larger  scale  in  fig.  318,  in  which  d 
represents  an  ordinary  stop-cock   (constructed  of  ^^'^^  * 

silver  to  resist  the  action  of  the  solution),  ter- 
minating below  in  a  long  tube,  c;  at  h  is  an 
opening  for  the  escape  of  air,  which  can  be  closed 
at  pleasure  by  the  plug,  a.  Suppose  it  be  desired 
to  fill  the  pipette,  g,  fig.  317;  the  lower  opening 
of  the  pipette  is  closed  by  the  fore-finger,  the 
solution  is  admitted  by  opening  the  stop-cock,  e, 
whilst  the  air  escapes  at  /,  which  is  open ;  as  soon 
as  the  liquid  has  risen  a  little  above  the  mark,  n, 
both  the  stop-cock,  e,  and  the  plug  at  /are  closed, 
and  the  finger  is  withdrawn.  In  this  position  the 
pipette  will  retain  its  charge  for  an  indefinite  time.  The  apparatus 
represented  at  m  /  is  intended  to  facilitate  the  exact  emptying  of 
the  pipette;  the  tray,  li  i,  slides  easily  between  two  grooves,  in 
which  its  motion  is  limited  by  the  stops,  /  and  m ;  h  is  a  com- 
partment for  the  reception  of  the  assay  bottles,  so  adjusted  that 
when  the  tray  rests  against  the  stop,  m,  the  pipette  shall  empty 
itself  into  the  bottle  without  wetting  its  neck ;  i  is  another  com- 
partment for  receiving  the  superfluous  solution  of  salt,  and  k 
represents  a  piece  of  sponge,  the  object  of  which  is  to  remove  the 
drop  which  hangs  to  the  lower  end  of  the  pipette ;  the  stop,  /,  is  so 
placed,  that  when  the  slide  rests  against  it,  the  sponge  just  touches 
the  lower  extremity  of  the  pipette.     The  sponge,   /:,  having  been 
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brought  to  touch  the  lower  end  of  the  pipette^  the  plug  at  /  is 
slightly  relaxed  to  allow  the  air  to  enter,  and  a  portion  of  the 
liquid  gradually  to  escape_,  until  it  has  fallen  exactly  to  the  mark_,  n. 
The  slide  is  now  moved  until  the  bottle_,  li,  is  directly  underneath 
the  pipette,  and  on  opening  the  plug  at  /  to  its  full  extent,  the 
charge  flows  freely  into  the  bottle. 

Suppose  now  the  object  of  the  assay  be  to  ascertain  whether 
a  certain  number  of  bars  be  of  the  fineness  of  English  standard 
silver,  or  if  not,  what  is  the  amount  of  their  variation  from  stan- 
dard. The  pipette,  g,  is  so  graduated  that  when  filled  up  to  the 
mark,  w,  it  shall  deUver  exactly  922  grains  of  the  standard  solu- 
tion, which  w^ill  contain  a  sufficient  amount  of  common  salt  to 
precipitate  9*22  grains  of  silver;  a  quantity  which  is  purposely 
rather  less  than  the  assay  is  expected  to  contain;  10  grains  of  alloy, 
if  of  correct  composition,  containing  9*25  grains  of  silver.      When 

^  each  bottle  in  succes- 

Fig.  319.  .       ,  •     1  ^ 

sion  has  received  irom 

the  pipette  a  charge 
of  exactly  the  same 
value,  the  bottles  are 
transferred  to  the 
agitator  shown  at  fig. 
319,  which  is  suspend- 
ed from  an  iron  arm,  d, 
between  two  strong 
springs,  e  e,  made  of 
vulcanized  caoutchouc. 
This  agitator  is  usually 
made  to  contain  10 
bottles,  which  are 
lodged  in  the  com- 
partments, a  a  ;  the 
stoppers  are  secured 
in  their  places  by  the 
rims,  h  b,  one  of  which 
is  represented  in  the 
figure  as  thrown  back 
for  the  admission  of 
the  bottles ;  the  rims 
when  closed  are  con- 
fined by  the  springs 
shown  at  c  c.       On  agitating  the  apparatus  briskly  for  60  or  80 
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seconds  the  solutions  become  clear,  and  the  bottles  are  removed 
from  the  agitator,  and  transferred  to  a  stand,  behind  which  is  a  black 
board  divided  into  10  numbered  compartments,  each  bottle  being 
placed  opposite  the  compartment  which  corresponds  with  its  number. 

The  adjustment  of  the  remaining  portion  of  the  assay  is  made  by 
means  of  the  decimal  solution.  This  is  con- 
tained in  a  small  bottle  of  10  or  12  ounces  in 
capacity,  fig.  320,  provided  with  a  tube 
or  small  pipette,  b,  open  at  both  ends,  but 
drawn  out  to  a  narrow  aperture  below. 
On  this  small  pipette  a  mark,  c,  is  made 
at  a  height  corresponding  exactly  to  10 
grains  of  the  liquid;  10  grains  of  this 
solution  containing  sufficient  chlorine  to 
precipitate  0*0 1  grain  of  silver. 

The  assayer  now  plunges  this  small 
pipette  into  the  decimal  solution,  and  closing 
the  upper  opening  of  the  tube  with  his  fore- 
finger, partially  withdraw^s  it  from  the  bottle  and  allows  the  liquid 
to  escape  until  it  stands  exactly  at  the  line  of  the  graduation,  c ; 
he  then  transfers  the  pipette  to  the  first  bottle,  and  allows  the 
solution  to  flow  into  it.  The  same  operation  is  repeated  with  each 
assay  bottle  in  succession.  A  mark  is  then  made  with  a  piece  of 
chalk,  opposite  to  each  bottle  in  which  a  precipitate  is  occasioned. 
These  bottles  are  again  replaced  in  the  agitator,  and  shaken  a 
second  time ;  the  solutions  having  thus  again  been  rendered  clear, 
are  replaced  upon  the  table,  and  a  second  pipette  of  the  decimal 
solution  is  added  to  each  of  the  bottles  in  which  a  precipitate  was 
first  produced.  This  operation  is  repeated  until  in  each  bottle  no 
further  precipitate  is  occasioned.  The  contents  of  the  pipette,  g, 
of  the  standard  solution,  which  have  been  added  to  each  assay, 
occasion  a  precipitate  out  of  the  10  grains  equal  to  9*22,  or  of  922 
parts  out  of  1000  parts  of  alloy.  Each  pipette  of  decimal  solution 
is  equivalent  to  ^-ig.^th  of  fine  silver  in  the  alloy,  and  by  counting 
the  number  of  marks  against  each  bottle,  reckoning  the  last  only 
as  equal  to  ^,  since  a  portion  of  it  probably  remains  in  the  liquid 
in  excess,  the  assayer  ascertains  the  value  of  each  bar.  If,  for  in- 
stance, two  marks  stand  opposite  to  any  bottle,  the  fineness  of  the 
bar  will  be  more  than  923,  but  less  than  924,  and  may  be  reported 
as  923-5. 

If,  however,  there  be  any  bottles  in  which  the  addition  of  the 
first  pipette  of  the  decimal  solution  produces  no  precipitate,  these 

3x2 
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samples  must  be  either  exactly  of  the  fineness  922^  or  below  that 
point.      The  following  method  is  adopted  for  completing  the  assay 
of  these  samples :  a  decimal  solution  of  silver  is  prepared  by  dis- 
solving 10  grains  of  pure  silver  in  nitric  acid,  and  diluting  it  with 
distilled  water  till  the  solution  occupies  the  bulk   of  lo^ooo  grain 
measures  of  water,  each  10  grains  of  this  liquid  will  then  contain 
exactly  o"oi  grain  of  silver.      A  bottle  of  this  solution  is  provided 
with  a  pipette  similar  to  that  shown  in  fig.  320,  but  graduated  to 
deliver  50  grains  of  the  liquid  from  the  mark,  d.     Each  of  the 
assay  bottles  which  indicates  a  fineness  below  922,  is  supplied  with 
50  grains  of  this   decimal  silver  solution,  or  with  0-05  grain  of 
silver ;  a  mark   of  — 5  is  made  upon  the  board  against  each  of 
these  bottles.      The  bottles  are  then  agitated  as  before,  and  a  fresh 
dose  of  10  grains  of  the  decimal  salt  solution  is  now  added  to  each  ; 
if  a  cloud  be  thus  produced,  a  mark  is  chalked  against  each  bottle 
in  which  a  precipitate  is  observed,  and  the  bottles  are  again  agitated, 
and  another  dose  of  decimal  salt  liquid  is  added,  and  so  on,  until 
a  precipitate  ceases  to  form.      Suppose  that  the  first  two  pipettes  of 
the  solution  produce  a  cloud,  but  the  third  does  not ;  each  bottle,  it 
will  be  remembered,  received  a  dose  of  salt   solution  in  the  first 
instance,  as  usual,  in  addition   to  the  quantity  received  after  the 
decimal  silver  solution  was  added;  the  quantity  of  salt  which  has  pro- 
duced a  precipitate  is  therefore  equivalent  to  922  +  i  +  iJ  or  924*5, 
but  since  5  of  silver  have  also  been  added  beyond  that  which  the  alloy 
originally  contained,  the  amount  to  be  reported  becomes  924*5 — 5, 
or  the  fineness  of  the  bar  is  9i9'5.      It  is  preferable  in  cases  where 
the  bars  are  below  the  standard,  to  add  an  excess  of  silver  at  once, 
and  then  to  estimate  the   excess  of  silver   in  the  manner   above 
described;  because,  if  instead  of  acting  thus,  successive  doses  of  o'oi 
of  silver  be  added  until  no  further  precipitate  is  formed,  it  becomes 
very  difl&cult  to  render  the  solution  clear  by  agitation. 

The  standard  solution  is  prepared  at  a  temperature,  say  of 
60°  F.,  consequently  the  pipette,  g,  will  only  deliver  a  volume  of 
liquid  rigorously  equal  to  9*22  grains  of  silver,  at  that  temperature. 
At  a  higher  temperature  the  liquid  will  expand,  and  a  given 
volume  will  therefore  contain  a  smaller  amount  of  chloride  of 
sodium,  whilst  at  a  lower  temperature  it  will  contract,  and  will 
contain  a  larger  amount.  A  correction  for  this  variation  in  the 
strength  of  the  liquid  is  therefore  required.  This  is  made  very 
simply  in  the  following  manner.  Each  time  that  a  number  of 
assays  is  made,  a  piece  of  fine  silver,  equal  to  9*25  grains,  is 
weighed  off,  dissolved  in  nitric  acid,  and  assayed  as  above  dii'ected. 
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The  number  of  pipettes  of  tlie  decimal  solution  of  salt  whicli  is  re- 
quired to  complete  the  precipitation  is  noted,  and  the  value  of  the 
contents  of  the  large  pipette,  g,  is  thus  verified  upon  each  occasion. 
If,  for  example,  i\  pipettes  were  required  for  completing  this  pre- 
cipitation, the  large  pipette  would  deliver  a  quantity  of  the  solution 
sufficient  to  precipitate  9*225  grains  on  that  day,  instead  of  9-22. 
Any  deviation  from  the  calculated  value  is  allowed  for,  and  a  cor- 
rection is  made  upon  the  assays  by  means  of  a  table  constructed 
for  the  purpose. 

It  is  easy  to  apply  this  apparatus  to  the  assay  of  silver  of  other 
degrees  of  fineness ;  but  it  is  necessary  to  know  approximatively 
the  value  of  the  assay,  in  order  that  a  suitable  weight  of  the  alloy 
be  dissolved  in  nitric  acid.  Suppose,  for  instance,  a  number  of 
bars  approximatively  of  the  value  of  900  (the  French  standard),  are 
to  be  assayed ;  a  piece  of  the  assay,  which  contains  approxima- 
tively 9*25  grains  of  fine  silver,  must  be  taken;  the  quantity  re- 
quired is  easily  calculated,  since  the  weight  of  the  alloy  needed  will 
be  inversely  as  its  fineness;  for  900  :  925  :  :  10  grs.  :  iO"277  grs. 
The  weight  required  in  this  case  will  consequently  be  10-277  grains. 

Mercury  is  the  only  metal  the  presence  of  which  interferes  with 
the  accuracy  of  the  assay  by  the  humid  method ;  but  the  process 
may  be  modified  so  as  to  give  correct  results  even  in  this  case. 

(797)  Freparation  of  Fine  Silver. — In  order  that  the  foregoing 
process  shall  be  accurately  performed,  it  is  necessary  to  be  provided 
with  silver  of  absolute  purity.  The  following  is  the  best  method 
of  procuring  the  metal  in  this  condition.  Standard  silver  is  dis- 
solved in  nitric  acid ;  the  liquid  is  diluted  and  decanted  or  filtered 
from  undissolved  particles  of  gold  or  sulphide  of  silver,  and  the 
solution  is  precipitated  by  the  addition  of  a  solution  of  chloride  of 
sodium  in  slight  excess.  The  precipitate  is  washed  in  a  large  jar  by 
subsidence,  until  the  washings  are  tasteless.  The  chloride  is  then 
mixed  with  oil  of  vitriol,  in  the  proportion  of  3  ounces  to  each 
pound  of  chloride,  and  several  bars  of  zinc  are  placed  in  the  mass ; 
the  zinc  speedily  becomes  converted  into  chloride  of  zinc,  w  hich  is 
dissolved,  whilst  the  silver  is  reduced  to  the  metallic  state,  and  by 
a  voltaic  action  the  reduction  gradually  extends  through  the  mass; 
Zn  +  AgCl  =  Ag  +  ZnCl.  The  mixture  is  not  to  be  agitated.  In 
about  a  week^s  time  the  decomposition  is  usually  completed.  If  a 
portion  of  the  reduced  silver,  after  being  thoroughly  washed,  is 
entirely  soluble  in  nitric  acid,  the  reduction  is  complete.  The  bars 
of  zinc,  with  the  crust  which  adheres  to  them,  are  then  carefully 
removed,  and  the  reduced  metal  is  digested  for  two   days,    with 
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dilute  sulphuric  acid^  to  remove  any  portions  of  zinc_,  and  waslied 
in  a  large  vessel  by  subsidence,  until  the  washings  cease  to 
precipitate  nitrate  of  silver.*  The  reduced  silver  is  now  redis- 
solved  in  nitric  acid^  and  a  second  time  precipitated  as  chloride; 
pure  hydrochloric  acid  being  employed  for  this  purpose ;  the 
precipitated  chloride  is  again  washed  by  subsidence  until  the 
washings  no  longer  redden  litmus.  The  chloride  of  silver  is 
next  dried  until  it  ceases  to  lose  weight,  loo  parts  of  the  chloride 
are  mixed  with  70*4  of  chalk,  and  4*2  of  powdered  charcoal,  and 
the  mixture  is  heated  in  a  deep  clay  crucible.  The  tempera- 
ture is  kept  at  a  dull  red  heat  for  half  an  hour,  after  which  it  is 
gradually  raised  to  full  redness  :  a  considerable  disengagement  of  gas 
takes  place,  owing  to  the  evolution  of  carbonic  acid  and  carbonic 
oxide,  and  oxychloride  of  calcium  is  formed,  constituting  a  fusible 
slag,  beneath  which  the  pure  silver  collects;  AgCl-f  2(CaO,  CO2) 
4-C  =  C0-|-2  COa  +  CaO,  CaCl-f  Ag.  The  silver  may  be  poured 
into  an  ingot  mould,  and  afterwards  rolled  into  sheets. 

(798)  Oxides  of  Silver. — Silver  forms  three  oxides;  a  sub- 
oxide, AgaO ;  a  protoxide,  AgO,  which  is  the  basis  of  the  salts  of 
the  metal;  and  a  peroxide,  AgOa,  which  does  not  combine  with 
acids. 

Protoxide  of  Silver,  (AgO), Eq.  116. — This  oxide  maybe  procured 
by  adding  a  solution  of  potash  or  of  soda  to  a  solution  of  the  nitrate 
or  any  soluble  salt  of  silver.  A  brown  hydrated  oxide  falls,  which 
readily  parts  with  its  water,  and  if  dried  at  a  temperature  above 
140^,  becomes  anhydrous  ;  it  gives  off  oxygen  below  a  red  heat, 
and  becomes  reduced  to  the  metallic  state.  Oxide  of  silver  is  a 
powerful  base ;  it  combines  easily  with  acids,  and  forms  with 
nitric  acid  a  salt  which  is  neutral  in  its  reaction  upon  litmus.  It 
is  slightly  soluble  in  water,  to  which  it  communicates  a  feeble 
alkaline  reaction.  Potash  and  soda  do  not  dissolve  it,  but  it  is 
freely  soluble  in  ammonia,  and  the  solution,  by  exposure  to  the 
air,  deposits  a  black  micaceous  powder,  which  is  powerfully  explo- 
sive, and  which  has  received  the  name  of  fulminating  silver. 

(799)  Fulminating  Silver  is  also  produced  if  concentrated 
ammonia  be  digested  for  some  hours  upon  freshly  precipitated 
oxide  of  silver ;  a  black  powder  is  formed  which  is  allowed  to  dry 
in  minute  quantities  on  separate  pieces  of  filtering  paper.  The 
same  compound  is  formed  on  precipitating  an  ammoniacal  solution 


*  The  reduced  silver  may  be  dried,  and  cast  into  ingots  if  desired.  The 
metal  is  refined  in  large  quantities  for  commercial  purposes  in  this  manner. 
It  is  not  absolutely  pure,  and  therefore,  for  delicate  chemical  operations, 
it  undergoes  the  further  process  of  purification  described  in  the  text. 
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of  nitrate  of  silver  by  the  addition  of  potash.  It  is  necessary  to 
be  aware  of  these  facts^  as  it  is  a  most  dangerous  substance,  and 
might  easily  be  produced  unintentionally.  Friction  or  pressure, 
even  when  under  water,  occasions  it  to  explode  :  and  when  dry, 
its  detonation  often  occurs  without  any  assignable  cause.  Acids 
immediately  decompose  it  into  an  ammoniacal  salt,  and  the  corre- 
sponding salt  of  silver.  The  composition  of  this  body,  owing  to 
its  dangerous  character,  has  not  been  accurately  determined,  but 
it  is  generally  supposed  to  be  a  nitride,  similar  to  that  which  is 
obtainable  from  mercury. 

Suboxide  of  Silver  ( AgaO) . — If  the  citrate  of  silver  be  heated  to 
212°  in  a  current  of  hydrogen,  the  salt  loses  half  an  equivalent  of 
oxygen,  and  a  compound  is  produced  which  is  sparingly  soluble  in 
water,  forming  with  it  a  brown  solution,  from  which,  on  the 
addition  of  potash,  a  suboxide  of  silver  is  precipitated.  This  com- 
pound is  very  unstable  ;  it  is  decomposed  by  acids  and  by  ammo- 
nia into  protoxide  of  silver  and  metallic  silver. 

Peroxide  of  Silver,  (Ag02),  Eq.  124;  Sp.  Gr.  5*474. — This 
compound  is  procured  in  dark  grey  acicular  crystals  when  a 
dilute  solution  of  nitrate  of  silver  is  decomposed  by  means  of  the 
voltaic  current.  The  peroxide  of  silver  accumulates  upon  the 
positive  plate,  but  it  always  retains  a  certain  quantity  of  unde- 
com posed  nitrate  of  silver.  It  is  a  conductor  of  the  voltaic 
current.  Acids  decompose  it,  forming  a  salt  of  the  protoxide, 
whilst  oxygen  gas  escapes.  It  is  also  decomposed  by  ammonia, 
with  effervescence,  owing  to  escape  of  nitrogen* 

(800)  Sulphide  of  Silver,  (AgS),  Eq.  124;  Sp.  Gr.  7-2.— This 
compound  is  the  principal  ore  of  silver.  It  is  found  native,  some- 
times crystallized  in  cubes  or  octohedra  ;  at  other  times  massive. 
It  has  a  leaden-grey  metallic  lustre,  from  which  it  derives  its 
mineralogical  name  of  silver  glance.  Sulphide  of  silver  is  isomor- 
phous  with  subsulphide  of  copper,  and  sometimes  displaces  it  in 
certain  minerals,  such,  for  example,  as  polybasite,  and  fahlerz  or 
grey  copper. 

Silver  has  a  very  powerful  affinity  for  sulphur.  The  metal 
becomes  tarnished  owing  to  the  formation  of  a  film  of  sulphide 
if  it  be  exposed  to  the  action  of  sulphuretted  hydrogen  in  the 
gaseous  state,  even  though  largely  diluted  with  air ;  and  a  black 
spot  is  immediately  produced  upon  its  surface  by  contact  with  a 
solution  of  an  alkaline  sulphide.  Sulphide  of  silver  may  be  pre- 
pared by  transmitting  a  current  of  sulphuretted  hydrogen  through 
solutions  of  the  salts  of  silver,  in  which  it  forms  a  black  precipitate  ; 
or  it  mav  be  obtained  by  heating  silver  with  an  excess  of  sulphur  in  a 
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covered  crucible.  The  sulphide  of  silver  fuses,  and  forms  a  dark 
grey  crystalline  mass  as  it  cools,  and  the  excess  of  sulphur  is 
volatilized. 

Sulphide  of  silver  is  soft  enough  to  allow  of  its  being  cut  with 
a  knife;  it  also  possesses  sufficient  malleability  to  receive  impres- 
sions from  a  die.  It  is  not  a  conductor  of  the  voltaic  current  when 
cold,  but  if  heated  it  readily  transmits  the  current  without  under- 
going decomposition.  It  is  easily  fusible,  and  if  heated  in  close 
vessels  may  be  melted  without  becoming  decomposed;  but  if 
roasted  in  the  air,  the  sulphur  is  gradually  converted  into  sul- 
phurous acid,  and  metallic  silver  is  left :  during  this  operation  a 
part  of  it  is  usually  converted  into  sulphate  of  silver,  which  after- 
wards requires  an  elevated  temperature  for  its  decomposition. 

Sulphide  of  silver  is  decomposed  when  boiled  with  concen- 
trated sulphuric  acid,  sulphurous  acid  and  sulphate  of  silver 
being  formed.  Boiling  hydrochloric  acid  converts  it  into  chloride 
of  silver,  with  evolution  of  sulphuretted  hydrogen.  Chloride  of 
copper  converts  it  into  chloride  of  silver,  with  the  formation  of 
subchloride  of  copper  and  sulphide  of  copper.  This  change  is 
much  facilitated  by  the  presence  of  chloride  of  sodium  in  a  moist 
state,  as  both  the  chloride  of  silver  and  the  subchloride  of  copper  are 
dissolved  at  the  moment  of  their  formation.  These  reactions  be- 
come important  in  the  extraction  of  silver  from  its  ores  (790). 
Sulphide  of  silver  is  also  decomposed  when  heated  with  the  alka- 
lies, and  a  similar  effect  is  produced  by  ignition  with  iron,  copper, 
lead,  and  many  other  metals. 

Sulphide  of  silver  may  be  made  to  unite  with  many  other  me- 
tallic sulphides  when  fused  with  them.  A  native  compound  of  this 
description  is  found  in  red  silver  ore,  which  is  a  double  sulphide 
of  silver  and  antimony,  3AgS,  Sb  S3.  In  this  mineral  a  portion 
of  sulphide  of  antimony  is  often  displaced  by  sulphide  of  arsenic. 

(801)  Chloride  of  Silver,  (AgCl),  Eq.  143*5  ;  Sp.  Gr.  ^'55^. — 
This  compound  is  found  native,  either  crystallized  in  cubes,  or 
as  a  compact  semi-transparent  mass,  known  by  the  name  of  horn 
silver.  It  is  procured  as  a  dense  white  flocculent  precipitate  by 
adding  hydrochloric  acid  or  the  solution  of  any  chloride  to  a 
soluble  salt  of  silver ;  when  moist,  it  quickly  assumes  a  violet- 
colour  by  exposure  to  the  sun's  light ;  a  similar  change  is  pro- 
duced gradually  by  diffused  daylight.  A  dark  oxy chloride  ap- 
pears to  be  formed  under  these  circumstances,  and  hydrochloric 
acid  is  set  free. 

Chloride   of  silver  is  insoluble  in  pure  water,  and  in  all  the 
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diluted  acids.  It  is  taken  up  bj^  boiling  liydrocliloric  acid  and  by 
strong  solutions  of  the  chlorides  of  metals  of  the  alkalies  and  alkaline 
earths,  with  which  it  forms  crystallizable  double  salts ;  they  are 
decomposed  if  their  solutions  are  diluted ;  advantage  is  taken  of 
this  circumstance  in  the  extraction  of  silver.      (Note,  p.  1028.) 

Chloride  of  silver  melts  at  a  temperature  of  about  500°,  and  is 
partially  volatilized;  on  cooling  it  forms  a  horny  semi-transparent 
sectile  mass.  It  is  not  decomposed  when  heated  with  carbon; 
but  is  easily  reduced  by  hydrogen,  if  it  be  heated  in  a  current  of  the 
gas,  hydrochloric  acid  and  metallic  silver  being  formed :  zinc,  and 
iron,  and  many  of  the  easily  oxidizable  metals  also  reduce  moist 
chloride  of  silver.  On  the  large  scale  this  process  is  turned  to 
account  in  the  refining  of  silver  (797).  It  is  not  necessary  that 
the  chloride  of  silver  be  freshly  precipitated,  though  if  it  be, 
the  operation  is  more  rapid  :  if  a  cake  of  the  fused  chloride 
be  laid  upon  zinc  or  iron  and  covered  with  acidulated  water,  it 
will  after  some  days  be  completely  reduced  to  a  spongy  mass  of 
metallic  silver. 

Weak  alkaline  leys  do  not  act  upon  chloride  of  silver,  but  if  a 
concentrated  solution  of  potash  be  boiled  upon  it,  chloride  of  potas- 
sium is  formed,  and  a  dense  black  oxide  of  silver  is  produced  ; 
the  addition  of  sugar  to  this  mixture  reduces  the  oxide  rapidly  to 
the  state  of  metallic  silver.  Ammonia  dissolves  the  chloride 
freely,  and  deposits  it  again  by  evaporation  in  the  cold,  in  transpa- 
rent colourless  crystals ;  if  boiled,  fulminating  silver  is  deposited. 
When  ignited  with  the  alkaline  carbonates,  chlorides  of  their  bases 
are  formed  and  pure  silver  is  left :  this  reaction  furnishes  a 
means  of  procuring  large  quantities  of  silver  in  a  state  of  purity; 
AgCl  +  NaO,  CO2  =  NaCl  +  CO2  +  O  +  Ag.  Chloride  of  silver  is 
soluble  in  solutions  of  the  hyposulpliites,  forming  compounds  of 
an  intensely  sweet  taste  :  by  evaporation  crystalline  double  hyposul- 
phites may  be  procured  (348).  Cyanide  of  potassium  likewise  dis- 
solves chloride  of  silver,  forming  chloride  of  potassium  and  a 
double  cyanide  of  silver  and  potassium.  The  soluble  sulphites  also 
dissolve  chloride  of  silver. 

Subchloride  of  Silver,  (AggCl),  may  be  obtained  by  digesting 
leaves  of  pure  silver  in  chloride  of  copper  or  perchloride  of  iron ; 
it  forms  black  scales  which  are  not  acted  upon  by  nitric  acid,  but 
are  resolved  by  ammonia  into  the  chloride  and  metallic  silver. 

(802)  Iodide  of  Silver,  {Agl,Eq.  235),  is  found  in  Mexico,  mixed 
with  carbonate  of  lime,  native  silver,  and  sulphide  of  lead.  It  may 
be  procured  artificially  by  precipitating  the  nitrate  by  iodide  of  potas- 
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slum,  wlien  a  pale  yellow  flocculent  deposit  occurs.  It  is  but  slowly- 
acted  on  by  ligbt^  is  insoluble  in  acids,  and  almost  so  in  ammonia. 
It  fuses  easily,  into  a  mass  which  becomes  yellow  and  opaque  on 
cooling.  It  is  decomposed  by  zinc  in  the  presence  of  moisture. 
Chlorine  displaces  the  iodine  from  the  salt.  Iodide  of  silver  is 
soluble  in  concentrated  solutions  of  iodide  of  potassium. 

The  Bromide  of  Silver,  (AgBr,  Eq.  i88),  is  of  a  yellowish 
colour,  is  insoluble  in  water,  and  is  much  less  soluble  in  ammonia 
than  the  chloride.  Acids  do  not  dissolve  it,  but  chlorine  disen- 
gages vapours  of  bromine  from  it,  and  chloride  of  silver  is  produced. 
Bromide  of  silver  is  formed  by  the  addition  of  solution  of  bromide 
of  potassinm  to  a  solution  of  nitrate  of  silver.  The  precipitate  is 
soluble  in  a  concentrated  solution  of  bromide  of  potassium  and  in 
other  bromides,  with  which  it  forms  double  salts,  which  are 
decomposed  by  dilution  with  water.  Both  the  bromide  and  the 
iodide  of  silver  are  soluble  in  a  solution  of  hyposulphite  of  soda. 

(803)  Sulphate  of  Silver,  (AgO,  SO3),  Eg.  156;  Sp.  Gr.  S'3-^' 
— When  silver  is  boiled  with  sulphuric  acid,  a  portion  of  the  acid  is 
decomposed  and  gives  oxygen  to  the  silver  which  is  converted  into 
a  sulphate,  while  sulphurous  acid  escapes :  the  sulphate  is  dissolved 
by  the  excess  of  acid,  but  is  deposited  in  great  part  on  the  addition 
of  water,  of  which  it  requires  90  times  its  weight  for  solution.  It 
may  be  obtained  in  small  rhombic  prisms,  which  fuse  readily ;  for 
their  decomposition  they  require  a  temperature  higher  than  is 
needed  to  decompose  the  sulphates  of  iron  or  copper.  (See  note, 
page  1028.)  Small  quantities  of  gold  are  separated  from  silver  on 
the  large  scale,  by  boiling  i  part  of  the  alloy  finely  granulated,  in 
cast-iron  vessels  with  2i  parts  of  oil  of  vitriol;  the  gold  is  left 
behind  as  a  fine  powder :  the  solution  of  silver  is  afterwards  diluted 
till  of  a  specific  gravity  of  i*200,  introduced  into  leaden  vessels,  and 
the  silver  precipitated  in  the  metallic  form  from  the  solution  by  bars 
of  metallic  copper.  Crystallized  sulphate  of  silver  absorbs  i  equi- 
valent of  ammonia  with  rapidity.  A  hot  solution  of  ammonia  dis- 
solves the  salt  freely,  and  on  cooling  deposits  crystals  composed  of 
(Ago,  S03-f2H3N). 

(804)  Nitrate  of  Silver,  (AgO,  NO5)  Eq.  170;  Sp.  Gr.  4-336.— 
This  salt  is  readily  formed  by  dissolving  silver  in  moderately 
strong  nitric  acid.  If  standard  silver  be  employed  in  its  pre- 
paration, the  oxide  of  copper  is  easily  separated  from  the  solu- 
tion by  boiling  it  upon  freshly  precipitated  oxide  of  silver,  which 
may  be  prepared  by  precipitating  a  portion  of  the  same  solution 
by  potash  and  washing  the  i)recipitate,  the  presence  of  oxide  of 
copper  being  unimportant.      It   crystallizes  in    square,  colourless, 
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anhydrous  tables,  which  require  an  equal  weight  of  cold  water  for 
solution.  Boiling  alcohol  also  dissolves  about  a  fourth  of  its 
weight  of  the  salt,  but  deposits  most  of  it  on  cooling.  The  nitrate 
fuses  when  heated,  and  if  then  cast  into  cylindrical  moulds,  it  forms 
the  sticks  of  lunar  caustic  employed  by  surgeons  as  an  escharotic. 
By  a  more  elevated  temperature  it  is  decomposed,  and  metallic 
silver  is  left. 

Nitrate  of  silver,  when  pure^  undergoes  no  change  by  the 
action  of  light;  but  it  is  readily  decomposed  by  the  combined 
action  of  light  and  organic  matter,  which  it  usually  stains  black. 
The  stain  thus  produced  cannot  be  removed  by  washing  with  soap 
and  water;  from  this  property  it  has  been  employed  as  the  basis 
of  an  ink  for  marking  linen.  Mr.  Brande  gives  the  following  as 
a  good  formula  for  the  preparation  of  marking  ink  : — Dissolve  2 
drachms  of  nitrate  of  silver  and  i  drachm  of  gum  arabic  in  7 
drachms  of  water,  and  colour  the  liquid  with  Indian  ink.  It  is 
requisite  to  prepare  the  cloth  first,  by  moistening  the  spot  to  be 
marked  with  a  solution  of  carbonate  of  soda,  which  is  allowed 
to  become  dry.  This  preparatory  solution  may  consist  of  2  ounces 
of  crystallized  carbonate  of  soda^  and  2  drachms  of  gum,  dissolved 
in  4  ounces  of  water. 

The  black  stains  of  nitrate  of  silver  may  be  removed  from  the 
hands  or  from  linen  by  the  employment  of  a  strong  solution  of 
iodide  of  potassium^  or  more  easily  by  cyanide  of  potassium. 

When  metallic  silver  in  fine  powder  is  digested  in  a  solution 
of  nitrate  of  silver,  it  is  dissolved,  and  a  yellow  solution  is  formed 
analogous  to  that  obtained  when  lead  is  similarly  treated  (766). 

(805)  Triphosphate  of  Silver,  (3  AgO,  PO5 ;  Eq.  420 ;  Sp.  Gr. 
7*321),  is  of  a  yellow  colour,  which  is  speedily  changed  by  the  action 
of  light.  The  salt  is  very  soluble  in  excess  both  of  nitric  acid  and 
of  ammonia.  It  is  easily  procured  by  precipitating  a  solution  of  the 
ordinary  phosphate  of  soda  by  one  of  nitrate  of  silver ;  it  fuses 
if  heated  above  redness.  The  pyrophosphate  (2  AgO,  PO5)  is  ob- 
tained in  like  manner  by  precipitating  the  nitrate  of  silver  by  pyro- 
phosphate of  soda  ;  it  is  a  white  precipitate,  slowly  changed  by  light, 
and  is  easily  fusible.  The  metaphosphate  (AgO,  PO5)  is  also  obtained 
by  precipitation  from  the  nitrate  of  silver  by  the  metaphosphate 
of  soda ;  it  forms  a  gelatinous  mass  which  softens  even  at  a  heat  of 
212°,  and  is  soluble  in  excess  of  nitrate  of  silver.  If  boiling  water 
be  poured  upon  this  precipitate,  it  fuses  ;  acid  is  removed,  and  a 
submetaphosphate  is  left,  consisting  of  3  AgO,  2  PO5  (Graham). 

(806)  Characters  of  the   Salts  of   Silver. — The    soluble 
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salts  of  tliis  metal  are  colourless^  and  nearly  all  are  anhydrous  ; 
they  have  a  powerfully  acrid,  metallic,  astringent  taste,  and  act  as 
irritant  poisons.  Before  the  blowpipe  they  are  all  readily  reduced 
on  charcoal  to  the  metallic  state,  especially  when  mixed  with  car- 
bonate of  soda.  Silver  is  used  to  impart  a  yellow  colour  to  glass. 
In  solution  the  salts  of  silver  present  the  following  reactions : — 

The  fixed  alkalies  give  a  brown  hydrated  oxide,  insoluble  in 
excess  of  the  precipitant.  Ammonia,  a  broAvn  precipitate,  readily  so- 
luble in  excess  of  ammonia.  Carbonates  of  potash  and  soda,  a  white 
carbonate  of  silver  insoluble  in  excess,  but  soluble  in  carbonate  of 
ammonia.  Sulphuretted  hydrogen  and  hydrosidphate  of  ammonia 
give  a  black  precipitate  of  sulphide  of  silver,  not  soluble  in  ammo- 
nia or  in  the  alkaline  sulphides.  But  the  most  characteristic  test 
is  the  action  of  hydrochloric  acid  or  a  soluble  chloride,  which  pro- 
duces a  white  curdy  precipitate  of  chloride  of  silver,  which  is  insoluble 
in  nitric  acid,  but  readily  soluble  in  ammonia ;  it  is  also  soluble  in 
hyposulphite  of  soda,  with  which  it  forms  an  intensely  sweet  solu- 
tion: chloride  of  silver  speedily  assumes  a  violet  tinge  when  exposed 
to  light;  this  change  is  impeded  by  the  presence  of  free  nitric 
acid,  and  is  prevented  by  the  admixture  of  a  small  proportion  of  chlo- 
ride of  mercury.  Iodide  or  bromide  of  potassium  gives  a  yellowish- 
white  precipitate  of  iodide  or  bromide  of  silver,  sparingly  soluble 
in  ammonia.  Cyanide  of  potassium  gives  a  white  curdy  preci- 
pitate of  cyanide  of  silver,  which  is  soluble  in  excess  of  the 
precipitant;  phosphoric,  chromic,  oxalic,  tartaric,  and  citric  acids 
all  form  insoluble  precipitates  with  salts  of  silver.  Indeed,  silver 
furnishes  a  greater  number  of  insoluble  salts  than  any  other  metal; 
they  are  almost  all  neutral  in  composition,  and  generally  of  a 
dazzling  white  colour.  Most  of  them,  however,  blacken  when 
exposed  to  the  action  of  light.  Nearly  all  of  them  are  soluble  in 
ammonia,  and  many  of  them  also  in  nitric  acid.  Many  metals 
reduce  solutions  of  the  salts  of  silver,  and  throw  down  the  silver 
from  them  in  a  metallic  state,  as  is  beautifully  shown  by  the 
action  of  mercury,  which  produces  a  crystalline  deposit  of  silver, 
forming  what  has  been  termed  the  arbor  Dianae.  Copper  and  zinc 
also  precipitate  silver  from  its  solutions.  Phosphorus  becomes 
coated  with  metallic  silver  if  placed  in  a  solution  of  any  of  its 
salts.  Solution  oi  j)rotosulphate  of  iron  also  precipitates  silver  in 
the  metallic  form  from  its  solutions,  if  they  do  not  contain  free 
nitric  acid. 

The  tendency  of  the  compounds  of  silver  to  form  double 
salts  is  less  strongly  marked  than  among  the  other  noble  metals. 
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(807)  Estimation  of  Silver. — Silver  may  be  estimated  either 
in  the  metallic  state,  as  in  the  process  of  cupellation  :  or  in  the 
form  of  chloride,  lOO  parts  of  which,  after  fusion,  correspond  to 
75*27  of  the  metal.  This  precipitation  is  best  effected  by  acidu- 
lating the  liquid  with  nitric  acid,  and  adding  hydrochloric  acid  in 
slight  excess.  After  the  precipitate  has  been  collected  and  dried, 
it  should  be  detached  from  the  filter,  and  fused  in  a  porcelain  cap- 
sule; on  burning  the  filter,  the  portions  of  chloride  retained  by  it 
are  reduced  partially  to  the  metallic  state  by  the  hydrogen  of  the 
paper;  the  ash  must  therefore  be  moistened,  first  with  nitric,  and 
then  with  hydrochloric  acid,  to  reconvert  it  into  chloride :  the 
excess  of  acid  must  afterwards  be  expelled  by  heat. 

(808)  Separation  of  Silver  from  other  Metals. — This  is  readily 
effected  by  means  of  hydrochloric  acid.  If  lead  be  present,  the 
solution  must  be  diluted  largely :  should  mercury  be  in  solu- 
tion, it  must  be  converted  into  a  persalt  by  boiling  the  liquid  with 
nitric  acid,  after  which  the  silver  may  be  precipitated  in  the  form 
of  chloride. 

§  III.  Gold. 

Symbol,  Au;  Equivalent,  196*66;   Specific  Gravity,  19*34. 

(809)  This  valuable  metal  has  been  prized  from  the  earliest 
ages  of  the  world.  It  is  found  in  small  quantities  in  numerous 
localities,  and  always  occurs  in  the  native  state,  crystallized  in 
cubes,  octohedra,  or  tetrahedra,  or  in  plates,  in  ramified  masses, 
and  in  nodules,  which  sometimes  weigh  many  pounds.  Native 
gold  is  always  alloyed  with  silver ;  small  quantities  of  osmium  and 
iridium,  copper,  antimony,  and  sometimes,  in  a  few  rare  instances, 
tellurium,  are  found  accompanying  it.  No  regular  veins  of  gold  are 
met  with  ;  it  commonly  occurs  either  in  primitive  or  volcanic  rocks, 
or  in  the  alluvial  deposits  of  certain  rivers.  Its  most  celebrated 
mines  are  those  of  California  and  Australia ;  and  those  of  Mexico, 
Chili,  Brazil,  and  Peru.  A  good  deal  of  gold  is  also  obtained 
from  the  Ural  Mountains :  many  of  the  rivers  of  Afiica  likewise 
contain  it  among  their  sands,  as  do  those  of  Hungary,  Transyl- 
vania, and  Piedmont.  In  these  countries,  it  is  principally  extracted 
from  the  river  sands  by  gipsies. 

The  operations  for  obtaining  gold  from  its  deposits  differ 
from  those  required  by  almost  every  other  metal,  in  being  for 
the  most  part  purely  mechanical. 
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Mucli  of  the  gold  in  circulation_,  previous  to  tlie  discovery  of  the 
deposits  in  Australia  and  California^  was  obtained  from  auriferous 
pyrites.  This  mineral  is  coarsely  pulverized_,  either  before  or  after 
roasting,  and  washed  :  the  heavier  particles  of  gold  subside,  and 
are  extracted  from  this  concentrated  portion  by  amalgamation,  the 
excess  of  mercury  being  separated  by  distillation.  Various  methods 
are  adopted  for  washing  the  auriferous  material :  in  Mexico  this 
operation  is  usually  performed  by  negresses,  who  having  pulverized 
the  ore  under  fiat  stones,  agitate  it  in  wide,  shallow,  wooden  dishes, 
separating  the  lighter  portions  with  much  dexterity.  In  Europe, 
the  pyrites  is  ground  and  amalgamated,  in  mills  constructed  for  the 
purpose.  Those  who  wash  the  river  sands  usually  select  some 
spot  at  a  bend  of  the  stream,  where  the  mud  appears  to  be  black  or 
reddish,  as  it  is  here,  if  anywhere,  that  the  gold  is  found.  The 
most  favourable  time  is  when  the  waters  are  subsiding  after  storms 
or  heavy  rains ;  the  sand  is  concentrated  either  by  washing  it  in 
shallow  vessels,  or  else  by  allowing  it  to  pass  through  a  succession 
of  troughs.  Amalgamation  is  afterwards  resorted  to  and  the  pro- 
duct is  distilled,  as  in  the  analogous  process  for  obtaining  silver. 

(8io)  Properties. — Gold  is  of  a  rich  yellow  colour  and  high 
metallic  lustre.  It  is  not  remarkable  for  its  hardness,  being, 
when  in  a  pure  state,  nearly  as  soft  as  lead.  Its  tenacity, 
however,  is  considerable,  ranking  next  to  silver,  so  that  it  may 
be  drawn  into  extremely  fine  wire.  As  already  mentioned,  it 
is  the  most  malleable  of  the  metals,  and  so  extreme  is  the 
thinness  to  which  it  may  be  reduced  by  hammering,  that  200,000 
leaves  placed  one  upon  another  would  be  required  to  occupy  the 
thickness  of  one  inch.  It  fuses  at  a  temperature  of  2016°  F.  It 
cannot  be  obtained  in  crystals  by  cooling,  nor  can  it  be  advan- 
tageously employed  for  castings,  as  it  shrinks  greatly  at  the 
moment  of  solidifying.  It  is  not  sensibly  volatile  in  the  heat  of 
the  furnace,  though  by  a  powerful  electric  discharge,  by  the  con- 
centration of  the  sun^s  rays  with  a  large  convex  lens,  or  in  the 
intense  heat  of  the  oxyhydrogen  jet,  it  may  be  dispersed  in  purple 
vapours.  It  is  one  of  the  most  perfect  conductors  both  of  heat  and 
of  electricity.  Gold  suffers  no  change  by  exposure  to  air  and 
moisture  at  any  temperature.  None  of  the  simple  acids,  with  the 
exception  of  the  selenic,  have  any  effect  upon  it,  but  it  is  dissolved 
by  any  mixture  which  liberates  chlorine.  Its  usual  solvent  is 
aqua  regia,  which  for  this  purpose  is  generally  prepared  by  mixing 
I  part  of  nitric  acid  and  4  parts  of  hydrochloric  acid.  The  alka- 
lies do  not  affect  it ;  a  crucible  of  gold  is  consequently  a  valuable 
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instrument  in  the  analysis   of  minerals  which  require  fusion  with 
the  caustic  alkalies. 

(8ii)  Preparation  of  Fine  Gold. — Gold  is  best  obtained  in  a 
state  of  purity  by  dissolving  the  metal  in  aqua  regia,  and 
evaporating  the  solution  of  chloride  of  gold  thus  obtained  with 
an  excess  of  hydrochloric  acid,  for  the  purpose  of  destroying  the 
excess  of  nitric  acid  :  the  solution  is  then  largely  diluted  with  water, 
and  decanted  from  chloride  of  silver,  which  is  thus  precipitated. 
A  solution  of  protosulphate  of  iron  is  next  prepared  and  added  to 
the  solution  of  chloride  of  gold :  i  part  of  gold  requires  between 
4  and  5  parts  of  the  crystallized  protosulphate.  Metallic  gold  is 
thus  precipitated  in  the  form  of  a  finely  divided  powder,  which 
when  suspended  in  water,  is  brown  by  reflected,  but  purple  when 
viewed  by  transmitted  light.  The  reaction  which  occurs  between 
the  chloride  of  gold  and  the  protosulphate  of  iron  is  represented 
in  the  annexed  equation:  6(FeO,  SO3) -f  AuCl3  =  2(re203,  3  SO3) 
H-FegClg  +  Au.  For  commercial  purposes  it  would  be  sufficient 
now  to  collect  the  gold,  dry  it,  and  after  fusing  it  with  borax,  to 
cast  it  into  ingots;  but  when  required  to  be  perfectly  free  from 
silver,  the  gold  is  not  melted  at  this  stage,  but  the  precipitated 
metal  is  boiled  with  hydrochloric  acid  of  sp.  gr.  i-j.  The  acid  is 
decanted,  and  the  residue  is  boiled  twice  with  fresh  acid  without 
washing  the  gold  between  these  successive  additions  of  acid.  The 
last  traces  of  iron,  and  nearly  all  the  chloride  of  silver  are  thus 
removed.  The  gold  is  then  washed,  dried,  and  mixed  with  its 
own  weight  of  bisulphate  of  potash,  and  fused  in  a  Hessian 
crucible.  The  last  portions  of  chloride  of  silver  are  thus  removed, 
and  the  gold  is  perfectly  pure. 

Levol  prefers  to  precipitate  the  gold  from  an  acid  solution  of 
its  chloride  by  means  of  an  acid  solution  of  terchloride  of  anti- 
mony:  3  SbCl3  +  2  AuCl3  =  3  SbCl5  +  2  Au.  The  hydrochloric 
solution  retains  any  traces  of  chloride  of  silver  which  may  be 
present. 

Gold  is  used  in  its  finely  divided  state  for  gilding  porcelain, 
which  is  first  painted  with  an  adhesive  varnish  and  allowed 
to  become  partially  dry ;  the  powdered  metal  is  then  dabbed  on 
with  a  dry  pencil  (having  been  previously  mixed  with  a  fusible 
enamel),  after  which  the  article  is  fired  ;  the  gilt  portions  are 
subsequently  burnished,  and  take  a  high  polish.  The  uses  of 
gold  in  the  fabrication  of  ornamental  articles  and  in  coinage  are 
well  known ;  like  silver,  it  is  too  soft  to  be  employed  in  a  pure 
state. 
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(812)  Gilding  upon  metals  is  effected  either  through  the 
medium  of  mercury,  as  in  one  of  the  processes  for  silvering,  or  by 
■voltaic  action,  as  in  the  process  of  electro-silvering  already  men- 
tioned ;  for  this  purpose,  a  solution  either  of  the  cyanide  of  gold 
and  potassium,  or  of  oxide  of  gold  in  sulphite  of  potash  is  used. 

About  20  years  ago,  a  means  of  gilding  by  immersion  was  intro- 
duced by  Mr.  Elkington,  by  which  copper  trinkets  and  stamped 
articles  can  be  coated  with  a  thin  film  of  gold;  this  method 
has  been  very  largely  practised.  The  process  has  been  care- 
fully investigated  by  Barral  {Ann.  de  Chimie,  III.,  xviii.  5).  The 
gilding  bath  is  prepared  by  dissolving  i  part  of  fine  gold  in  aqua 
regia,  and  expelling  the  excess  of  acid  by  evaporation;  the 
chloride  is  dissolved  in  a  small  quantity  of  water ;  to  this  solution 
30  parts  of  bicarbonate  of  potash  are  gradually  added.  This  liquid 
is  then  mixed  with  a  solution  of  30  parts  more  of  the  bicarbonate, 
dissolved  in  200  parts  of  water,  and  the  liquid  is  boiled  for  2 
hours :  during  this  operation,  the  bicarbonate  of  potash  is  con- 
verted into  the  sesquicarbonate,  and  the  yellow  liquid  passes  into 
green ;  after  this,  the  solution  is  ready  for  use.  The  trinkets 
having  been  annealed,  are  cleansed  from  adhering  oxide  by  a 
momentary  immersion  in  a  mixture  of  equal  parts  of  sulphuric 
and  nitric  acids;  to  which,  when  the  gold  is  intended  to  have  a 
dead  appearance,  a  little  common  salt  is  added.  The  articles  are 
washed  in  water  and  then  plunged  into  the  gilding  liquid,  where  they 
are  left  for  about  half  a  minute,  after  which  they  are  washed  in 
water  and  dried  in  hot  sawdust.  This  bath  may  be  also  employed 
for  gilding  on  German  silver,  platinum,  or  silver,  by  immersing 
the  objects  composed  of  these  metals  in  the  liquid  in  contact  with 
wires  of  copper  or  of  zinc.  During  this  process  of  gilding,  a 
remarkable  reaction  occurs, — the  gold  imparts  a  portion  of  its 
chlorine  to  the  excess  of  potash  contained  in  the  bath,  forming 
chlorate  of  potash ;  protochloride  of  gold  is  formed  and  is  decom- 
posed by  the  copper,  chloride  of  copper  being  produced,  whilst 
metallic  gold  is  deposited  upon  the  surface  of  the  trinkets : 
6  AUCI3+6  KO  +  12  Cu=i2  CuCl+5  KCl+KO,  CIO5  +  6  Au. 
During  this  operation  a  black  powder  is  precipitated,  which  con- 
tains hydrated  carbonate  of  copper,  mixed  with  a  small  proportion 
of  the  purple  of  Cassius  derived  from  the  action  of  the  gilding 
solution  upon  the  tin  contained  in  the  solder  of  the  trinkets. 

With  mercury,  gold  forms  a  semi-solid  amalgam  of  a  yellowish 
colour,  which  is  soluble  in  an  excess  of  mercury.  This  excess  may 
be  removed,  as  in  the  case  of  the  silver  amalgam,  by  filtering  and 
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squeezing  it  through  chamois  leather.  It  is  this  amalgam  which 
is  formed  during  the  extraction  of  gold  from  its  ores ;  it  is  also 
extensively  prepared  for  the  purposes  of  gilding.  Mr.  Henry 
obtained  a  combination  of  mercury  with  gold  (Au^  Hg)  crystallized 
in  brilliant  4-sided  prisms  by  acting  with  dilute  nitric  acid,  aided 
by  a  gentle  heat,  upon  an  amalgam  of  gold  containing  about  i  part 
of  gold  to  1000  of  mercury.  These  crystals  are  insoluble  in  nitric 
acid. 

(813)  Alloys  of  Gold. — The  ductility  of  gold  is  much  impaired 
by  alloying  it  with  other  metals,  though  its  hardness  and  sonorous- 
ness are  increased :  these  alloys  are  generally  formed  without 
difficulty.  The  native  alloy  of  osmium  and  iridium,  however, 
which  frequently  accompanies  the  Cahfornian  gold,  does  not 
combine  with  the  metal,  and  remains  disseminated  through  it  in 
distinct  grains  after  the  gold  has  been  melted.  These  grains  occa- 
sion much  inconvenience ;  they  often  escape  notice  until  the  metal 
passes  through  the  coining  press,  where  they  make  themselves 
apparent  by  their  hardness,  and  by  the  injury  which  they  con- 
sequently inflict  upon  the  dies. 

Silver  and  gold  may  be  alloyed  in  all  proportions.  In  the 
arts  it  frequently  becomes  necessary  to  separate  these  two  metals, 
and  this  is  usually  effected  by  the  method  termed  quart ation,  or 
parting.  This  operation  depends  on  the  solubility  of  silver  in 
nitric  acid,  and  the  insolubility  of  gold  in  this  liquid.  It  is 
necessary  that  the  silver  should  amount  to  at  least  three  times  the 
weight  of  the  gold,  otherwise  portions  of  silver  would  be  mechanically 
protected  from  the  action  of  the  acid,  and  the  separation  would  be 
incomplete.  If,  therefore,  the  alloy  be  found  to  contain  more 
than  i  of  its  weight  of  gold,  sufficient  silver  is  added  to  reduce  it 
to  this  proportion,  and  hence  the  origin  of  the  term  ^  quartation.^ 
The  metals  are  fused  together,  granulated  by  being  poured  into 
water,  and  they  are  then  digested  in  the  acid.  The  gold  is  after- 
wards melted  into  ingots,  the  silver  is  precipitated  as  chloride, 
by  common  salt,  and  the  chloride  is  reduced  either  by  zinc  (797) 
or  by  fusion  with  an  alkali  (801).  Sulphuric  acid  may  be  sub- 
stituted for  nitric  acid ;  it  is  quite  as  effectual  in  dissolving  the 
silver,  and  is  much  cheaper  (803). 

The  most  useful  alloy  of  gold  is  that  which  it  forms  with 
copper ;  it  is  considerably  more  fusible  than  pure  gold,  but  is  less 
ductile  and  malleable.  It  is  this  alloy  which  is  used  for  coinage. 
English  standard  gold  contains  8*33  per  cent  of  copper,  or  1 1  parts 
of  gold  to  I  of  copper.     The  specific  gravity  of  this  mixture  is 
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17-157^  the  two  metals  expanding  a  little  when  they  unite.  In 
France  the  standard  gold  contains  10  per  cent,  of  copper.  Jewellers 
frequently  alloy  their  gold  with  a  mixture  of  copper  and  silver. 
The  alloys  of  gold  and  copper,  when  once  the  materials  have  been 
well  mixed_,  do  not  exhibit  the  tendency  to  liquation  which  occa- 
sions so  much  trouble  in  the  case  of  silver  (794). 

(814)  Assay  of  Gold. — In  the  assay  of  gold,  a  combination  of 
the  processes  of  cupellation  and  quartation  is  employed.  In  the 
cupellation  of  gold  the  quantity  of  lead  which  is  needed  is  about 
double  that  employed  for  silver ;  i  part  of  copper  requiring  about 
16  parts  of  lead.  The  assay  of  gold  furnishes  results  which  are 
more  accurate  than  those  obtained  in  the  cupellation  of  silver.  The 
loss  of  gold  by  volatilization  is  very  much  smaller,  and  scarcely 
any  of  the  metal  is  carried  into  the  cupel  by  an  excess  of  lead. 

The  following  is  an  outline  of  the  method  adopted  in  the  assay 
of  gold : — The  quantity  of  the  alloy  for  assay  having  been  accu- 
rately weighed,  it  is  wrapped  in  a  piece  of  paper,  with  a  proportion 
of  silver  equal  to  about  3  times  that  of  the  gold  which  the  alloy  is 
supposed  to  contain,*  and  this  is  submitted  to  cupellation  in  the 
manner  already  described  when  speaking  of  the  assay  of  silver 
(795).  By  this  means  the  silver  and  the  gold  become  thoroughly 
incorporated,  and  the  copper  is  oxidized  and  absorbed  by  the  cupel 
W'ith  the  oxide  of  lead.  The  auriferous  button  is  then  hammered 
into  a  flattened  disk,  about  the  size  of  a  sixpence,  and  annealed 
by  heating  it  to  redness.  It  is  next  passed  between  a  pair  of 
laminating  rollers,  by  which  its  thickness  is  reduced  to  that  of  an 
ordinary  address  card,  after  which  it  is  a  second  time  annealed. 
These  operations  render  it  sufficiently  flexible  to  allow  of  its  being 
coiled  into  a  small  spiral  by  rolling  between  the  finger  and  thumb. 
The  cornet  thus  obtained  is  next  introduced  into  a  flask  which 


*  An  approximative  estimate  of  the  composition  of  the  alloy  is  sometimes 
made  by  the  use  of  the  touchstone,  though  it  is  seldom  employed  by  the 
practised  assayer.  A  number  of  pieces  of  alloy  are  formed  containing  known 
quantities  of  gold  and  copper,  or  of  gold  and  silver :  the  first  consisting  of  pure 
gold ;  the  second  of  23  of  gold  and  i  of  copper  ;  the  third  of  22  of  gold  and 
2  of  copper,  and  so  on;  the  assayer  selects  one  of  these  alloys,  or  'needles,' 
which  from  its  colour  he  judges  to  approach  nearest  in  composition  to  the 
alloy  which  he  is  about  to  assay ;  this  he  rubs  upon  a  hard,  black  stone,  the 
'touchstone,'  formerly  obtained  from  Lydia,  in  Asia  Minor;  black  basalt, 
however,  may  be  employed  for  the  purpose  :  the  alloy  leaves  a  streak  upon  the 
stone,  the  colour  of  which  is  redder  in  proportion  as  the  copper  preponderates. 
The  streak  formed  by  the  alloy  for  assay  is  then  compared  with  that  of  the 
needles,  until  one  of  these  is  found  to  which  it  nearly  corresponds.  The 
■judgment  may  be  further  aided  by  moistening  the  streaks  obtained  with  a 
little  nitric  acid,  which  attacks  the  copper  or  sHver,  but  leaves  the  gold. 
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contains  about  an  ounce  of  nitric  acid  of  sp.  gr.  I'iSo,  heated 
nearly  to  the  boiling  point.  Brisk  evolution  of  nitrous  fumes 
immediately  ensues;  the  silver  is  gradually  dissolved  away,  and 
the  gold  is  left  in  the  form  of  the  original  cornet,  as  a  brown, 
porous,  very  brittle  mass.  After  this  first  boiling  has  been  con- 
tinued for  I  o  minutes,  the  flask  is  removed  from  the  fire,  the  acid 
solutionis  poured  off",  and  the  cornet  is  washed  by  carefully  pour- 
ing distilled  water  upon  it ;  which,  after  standing  for  a  couple  of 
minutes,  is  again  poured  off*.  Some  traces  of  silver  are,  however, 
still  retained  by  the  gold,  and,  in  order  to  remove  these,  the 
cornet  is  again  boiled  with  nitric  acid,  which,  this  time,  must  be 
of  sp.  gr.  1*280.  In  this  second  boiling,  which  must  be  continued 
for  20  minutes,  a  small  fragment  of  charcoal  should  be  introduced 
into  the  flask,  in  order  to  prevent  the  ebullition  from  taking  place 
irregularly,  with  sudden  bursts,  as  it  is  very  apt  to  do  if  this  pre- 
caution be  neglected. 

The  acid  having  been  poured  off^  the  flask  is  filled  up  com- 
pletely with  distilled  water.  A  small  smoothly  finished  porous 
clay  crucible  is  placed  over  the  mouth  of  the  flask,  and  the  flask 
and  crucible  are  inverted,  so  that  the  cornet  shall  fall  gently 
through  the  water  into  the  crucible ;  by  a  dexterous  movement  of 
the  hand,  the  flask  is  then  withdrawn  in  such  a  manner  as  to  pre- 
vent the  overflow  of  any  liquid  from  the  little  crucible :  the  water 
is  afterwards  carefully  poured  oft'  from  the  cornet,  and  the  crucible 
is  heated  to  redness  in  the  muffle.  By  this  means  the  gold, 
though  it  is  not  fused,  is  rendered  much  more  compact ;  it  shrinks 
in  bulk,  loses  its  brown  appearance,  and  assumes  the  peculiar 
colour  and  lustre  of  the  metal.  When  cold,  the  cornet  is  weighed 
with  the  same  precision  as  the  original  alloy.  The  assay er  calls 
the  arbitrary  weight  of  the  alloy  upon  which  he  operates  looo ;  his 
weights  are  all  subdivided  so  as  to  give  him  the  value  of  the  alloy 
in  thousandths  of  this  original  quantity ;  so  that  if  he  find  a 
portion  of  the  alloy  which  originally  weighed  looo  of  these 
arbitrary  units,  to  yield  a  quantity  of  gold  equal  to  9i6f  of 
these  parts,  he  reports  it  as  91 6"6.  1000  ounces  of  such  an 
alloy  would  contain  916*6  ounces  of  fine  gold. 

The  amount  of  alloy  upon  which  it  is  most  convenient  to 
operate  in  assaying  is  half  a  gramme,  or  between  7  and  8  grains. 

The  gold  contained  in  the  cornet  is  never  absolutely  pure ;  it 
retains  a  small  quantity  of  lead  and  of  silver,  and  frequently  also 
traces  of  copper,  which  render  its  weight  a  little  higher  than  it 
ought  to  be.       In  order  to  ascertain  the  amount  of  this  error,  a 
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number  of  proofs  are  passed  through  the  muffle  simultaneously 
"with  the  alloys,  and  subjected  to  the  same  process  as  the  alloys 
themselves.  These  proofs  consist  of  weighed  portions  of  fine 
gold,  to  -which  are  added  a  proportion  of  copper  equal  to  that 
estimated  to  exist  in  the  alloys  under  examination.  The  excess 
of  weight  which  these  proofs  indicate  shows  the  amount  of  the 
correction  w'hich  it  becomes  necessary  to  make.  This  correction 
is  liable  to  daily  variation,  according  to  the  temperature  of  the 
furnace,  the  more  or  less  perfect  softening  of  the  buttons  during 
annealing,  the  thickness  of  the  cornets,  &c. ;  but  it  usually  varies 
from  o*2  to  0"5  parts  in  looo.  Most  assay ers  vary  the  quantity 
of  lead  according  to  the  proportion  of  copper  in  the  alloys.  I 
have  found  it  advantageous  to  use  the  same  amount  of  lead  in  all 
cases :  the  correction  then  becomes  uniform  for  all  the  assays 
passed  at  one  operation. 

When  the  alloy  contains  very  little  copper,  as  commonly  occurs 
with  native  gold,  the  button  of  alloy  is  liable  'to  spit^  as  it 
cools  after  the  cupellation;  this  mischance  may  easily  be  pre- 
vented by  the  addition  of  a  small  fragment  of  copper,  not 
exceeding  |  of  a  grain  in  weight,  previous  to  introducing  the 
alloy  into  the  cupel. 

It  frequently  happens  that  it  is  necessary  to  ascertain  the 
proportion  both  of  gold  and  of  silver  in  a  given  alloy.  If  the 
proportion  of  gold  preponderate,  the  quantity  of  gold  is  determined 
in  the  manner  above  described,  and  that  of  the  gold  and  silver 
together  is  ascertained  by  submitting  a  portion  of  the  alloy  to 
cupellation  with  lead,  as  if  it  consisted  of  silver  only  (795).  The 
two  metals,  gold  and  silver,  remain  upon  the  cupel,  whilst  the 
copper  and  more  oxidizable  metals  are  absorbed.  The  weight  of 
the  residual  button  gives  the  united  w  eight  of  the  gold  and  silver, 
and  the  difierence  between  this  weight  and  that  of  the  gold  alone 
will  of  course  furnish  the  proportion  of  silver. 

When  the  proportion  of  gold  is  very  small  compared  with  that 
of  the  silver,  the  two  metals  are  treated  with  nitric  acid  at  once 
(without  submitting  them  to  the  usual  assay  for  gold) ;  the  acid 
dissolves  the  silver  and  other  metals  which  may  be  present,  leaving 
the  gold  in  the  form  of  a  black  powder;  this  powder  must  be 
collected  by  subsidence  in  one  of  the  small  porous  crucibles  used 
for  annealing  gold  cornets,  in  which  it  is  ignited,  and  can  after- 
wards be  weighed  without  difficulty. 

(815)  Oxides  of  Gold. — There  are  two  oxides  of  gold :  a  prot- 
oxide AuO,  and  a  teroxide  AuOg  :  the  latter  possesses  acid  pro- 
perties^ and  is  frequently  termed  auric  acid. 
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The  protoxide  (AuO,  Eq.  204'6),  is  obtained  as  a  dark  green 
powder  hj  precipitating  the  protochloride  of  gold  by  a  dilute  solution 
of  potash ;  it  is  slightly  soluble  in  excess  of  the  alkali :  when 
digested  with  ammonia  it  forms  fulminating  gold.  Protoxide  of  gold 
undergoes  a  kind  of  solution  in  pure  water,  and  passes  through 
the  filter ;  but  boiling  the  solution  after  adding  any  saline  com- 
pound causes  its  precipitation. 

Terocoide  of  Gold;  Auric  Acid  (AuOg),  Eq.  220*5.  —  This 
compound  is  best  obtained  by  decomposing  a  solution  of  the  ter- 
chloride  of  gold  by  magnesia,  for  if  the  alkalies  be  used,  they 
adhere  strongly  to  the  precipitate ;  it  falls  in  combination  with  the 
earth,  which  may  be  removed  by  means  of  dilute  nitric  acid,  and  the 
oxide  of  gold  remains  as  a  yellow  hydrate,  if  the  acid  used  be  weak, 
or  as  a  brown  anhydrous  oxide  if  strong  ;  it  is  very  readily  reduced 
by  exposure  to  light,  and  at  a  temperature  of  about  470°  it  is 
resolved  into  metallic  gold  and  free  oxygen.  It  is  taken  up  by 
strong  nitric  and  sulphuric  acids,  but  no  true  salts  are  formed ; 
the  oxide  is  deposited  again  from  these  solutions  in  a  pure  state 
on  dilution.  Teroxide  of  gold  is  dissolved  by  hydrochloric, 
hydriodic,  and  hydrobromic  acids,  forming  terchloride,  teriodide, 
and  terbromide  of  gold. 

When  hydrated  it  readily  combines  with  the  alkalies,  forming 
salts  that  have  been  termed  aurates,  which  dissolve  in  water, 
and  form  yellow  solutions.  Aurate  of  potash  crystallizes  in 
yellowish  needles,  (KO,  AuOg  6  aq).  The  compounds  of  auric  acid 
w4th  the  earths  and  other  metallic  oxides  are  in  most  cases 
insoluble. 

Auric  acid  forms  with  ammonia  a  dark  olive-brown  fulminat- 
ing compound,  analogous  to  that  furnished  by  silver  (799);  the  same 
compound  may  be  formed  by  adding  ammonia  to  the  terchloride, 
but  in  this  case  it  is  of  a  reddish-yellow  colour,  owing  to  the 
admixture  of  a  little  ammoniacal  subchloride  of  gold. 

(816)  Bisulphide  of  Gold,  (AuSg),  Eq.  228*6. — When  a  current 
of  sulphuretted  hydrogen  is  transmitted  through  a  solution  of  ter- 
chloride of  gold,  a  black  precipitate  is  produced,  which,  according 
to  Levol,  is  a  bisulphide.  It  is  soluble  in  the  solutions  of  the 
sulphides  of  the  alkaline  metals  :  wath  sulphide  of  sodium  it  forms  a 
colourless  salt  which  is  soluble  in  alcohol;  it  crystallizes  in  6-sided 
prisms,  consisting  of  (NaS,  AuS,  8  HO ;  Col.  Yorke),  the  bisul- 
phide of  gold  having  been  converted  into  the  protosulphide,  w^hilst 
the  second  equivalent  of  sulphur  has  entered  into  combination  with 
the  excess  of  the  alkaline  sulphide  {Qw«r^.  Journ.  Chem.  Soc,  i.  242). 
If  finely  divided   gold  be  heated  with  sulphur  in  contact  with  car- 
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bonate  of  potasli^  a  double  sulphide  of  gold  and  potassium  is 
formed ;  it  resists  a  red  heat^  and  is  very  soluble  in  water :  this 
sulphur  salt  is  used  for  gilding  china,  and  produces  the  colour 
known  as  Burgos  lustre. 

(817)  Chlorides  of  Gold. — Gold  forms  two  compounds  with 
chlorinCj — a  protochloride  AuCl,  and  a  ter chloride  AuClg. 

Ter chloride  of  Gold,  (AuClg),  Eq.  303. — This  compound  is 
produced  when  the  metal  is  dissolved  in  aqua  regia ;  on  evaporat- 
ing the  solution  to  dryness  at  a  temperature  not  exceeding  250°  F., 
this  salt  remains  behind  as  a  red  deliquescent  mass.  It  forms 
with  water  an  orang€-coloured  solution,  which  preserves  its  colour 
even  when  very  largely  diluted ;  alcohol  also  dissolves  the  chloride, 
and  ether  takes  it  up  so  freely  as  to  separate  it  from  its  aqueous 
solution  when  agitated  with  it.  Chloride  of  gold  forms  a  crys- 
talline compound  with  hydrochloric  acid  ;  it  also  unites  with  the 
chlorides  of  many  of  the  electro-positive  metals  to  form  double 
salts  :  that  with  potash  crystallizes  in  efflorescent  striated  prisms, 
consisting  of  KCl,  AuClg  +  5  aq. ;  that  with  soda  forms  4-sided 
prisms,  with  4  equivalents  of  water.  The  chloride  of  gold  is  easily 
reduced  by  many  substances ;  the  reaction  of  protosulphate  of  iron 
has  already  been  mentioned.  Oxalic  acid  produces  a  similar  pre- 
cipitate of  metallic  gold;  thus,  AuClg  -f  3 (HO,  C2O3)  =  Au  4- 
3  HCl  4-  6  CO2  :  the  powder,  when  viewed  by  reflected  light, 
appears  of  a  brown  colour,  but  by  transmitted  light,  whilst  sus- 
pended in  water,  it  has  a  purple  tint.  Many  organic  substances, 
if  moistened  with  a  solution  of  the  chloride  of  gold,  also  exert  a 
reducing  effect  upon  it;  hence  the  fingers  or  writing  paper,  if 
washed  over  with  liie  solution,  become  stained  of  a  violet  colour 
when  exposed  to  the  sun's  light.  Metallic  gold  is  also  readily 
obtained  from  th-e  solution  of  this  salt  by  other  means.  A  current 
of  sulphurous  acid  precipitates  the  gold  completely.  Phosphorous 
and  hypophosphorous  acids,  and  solutions  of  their  salts,  produce  the 
same  effect ;  and  a  similar  result  is  obtained  by  contact  with  many 
of  the  metals,  such  as  copper,  iron,  and  zinc.  A  stick  of  phos- 
phorus, when  immersed  in  a  solution  of  chloride  of  gold,  soon 
becomes  coated  with  the  reduced  metal. 

Protochloride  of  Gold,  (AuCl,  Eq.  232*0). — When  exposed  to 
a  gentle  heat,  the  terchloride  fuses,  without  undergoing  decomposi- 
tion ;  but  if  the  temperature  be  raised  to  about  350°  F.,  chlorine 
is  gradually  expelled,  and  a  pale  yellow  sparingly  soluble  powder 
is  left,  which  is  the  protochloride.  It  is  an  unstable  compound, 
but  it  may  be  washed  with  cold  water  to  remove   any  undecom- 
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posed  terchloride  j  boiling  water  converts  it  into  the  tercliloride 
and  into  metallic  gold,  and  a  similar  change  is  produced  by  expos- 
ing it  to  light.  If  the  temperature  be  raised  a  little  beyond  400°, 
the  whole  of  the  chlorine  is  expelled. 

A  terbromide  of  gold  may  be  formed ;  it  crystallizes  easily. 

There  are  two  iodides  of  gold  corresponding  to  the  chlorides. 
The  protoiodide  is  a  pale  yellow  insoluble  powder.  The  teriodide 
is  soluble,  and  forms  double  salts  with  the  alkaline  iodides. 

(818)  Purple  of  Cassius. — When  a  mixture  of  protochloride 
and  perchloride  of  tin  very  much  diluted  is  added  drop  by  drop  to 
a  dilute  neutral  solution  of  terchloride  of  gold,  a  flocculent  purple 
deposit  takes  place.  The  true  nature  of  this  compound  has  been 
the  subject  of  much  discussion.  Berzelius  concludes  from  the 
researches  of  M.  Figuier  {Ann.  de  Chimiej  III.  xi.  354)  that  it 
consists  of  a  hydrated  double  stannate  of  gold  and  tin,  (AuO, 
SnOa  -f  SnO,  Sn02  +  4  aq).  The  same  compound  is  readily 
formed  by  digesting  metallic  tin  in  a  neutral  solution  of  terchloride 
of  gold ;  metallic  gold  and  the  purple  of  Cassius  being  formed. 
Purple  of  Cassius  undergoes  a  sort  of  solution  in  pure  water,  and 
passes  through  the  filter,  but  it  is  separated  on  adding  a  salt  to 
the  liquid  and  boiling  it.  It  is  soluble  in  ammonia,  forming  a 
deep  purple  solution,  and  is  deposited  unchanged  if  the  ammonia 
be  expelled  by  heat,  or  neutralized  by  an  acid.  Purple  of  Cassius 
is  decomposed  by  the  acids,  but  is  not  changed  by  the  action  of 
light.  If  heated  to  redness,  water  is  expelled,  and  a  red  powder 
is  left,  which  is  a  mixture  of  metallic  gold  and  peroxide  of  tin. 
Purple  of  Cassius,  when  mixed  with  a  little  borax  or  some  fusible 
glass,  and  applied  to  the  surface  of  china,  imparts  to  it  a  beautiful 
rose  or  a  rich  purple  colour.  The  red  glass  of  Bohemia  owes  its 
colour  to  this  compound. 

(819)  Characters  of  the  Salts  of  Gold. — The  salts  of  gold 
are  recognised  by  the  brown  precipitate  of  metallic  gold  produced 
by  jjrotosiilphate  of  iron  in  their  neutral  solutions  ;  and  by  the  for- 
mation of  the  purple  of  Cassius  on  adding  to  them  a  mixture  of 
protochloride  and  perchloride  of  tin.  Metallic  tin  yields  the 
same  precipitate  and  is  a  still  more  delicate  test.  Salts  of  gold 
are  reduced  to  the  metallic  state  by  boiling  their  acidulated  solu- 
tions with  a  soluble  oxalate  or  sulphite.  Subnitrate  of  mercury 
also  gives  a  dark  brown  precipitate  of  reduced  gold.  All  the  salts 
of  gold  are  decomposed  when  ignited  in  the  open  air. 

(830)  Estimation  of  Gold. — Gold   is  always  estimated  in  the 
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metallic  state.    It  may  readily  be  separated  from  all  the  preceding  , 
metals  by  precipitating  its   solution   by  means   of  a  solution   of 
protosulphate  of  iron^  after  acidulating  it  with  hydrochloric   acid. 
The  precipitate  is  collected  upon  a  filter,  ignited,  and  vveigbed  as 
pure  gold. 

§  IV.    Platinum. 

Symbol,  Pt;  Equivalent j  98*56;  Specific  Gravity ,  2i'5. 

(821)  Platinum,  little  silver,  as  its  name  implies,  is  a  metal 
which  is  found  in  but  comparatively  few  places :  it  was  not  reco- 
gnised as  a  distinct  metal  until  about  a  hundred  years  ago.  It 
always  occurs  in  the  native  state,  usually  in  small  flattened  grains, 
in  which  it  is  mixed  with  palladium,  rhodium,  osmium,  ruthenium, 
and  iridium, — metals  which  are  rarely  found  except  when  associated 
with  platinum.  Occasionally  it  occurs  in  larger  nodules,  frequently 
alloyed  with  gold,  copper,  iron,  and  lead.  The  deposits  of  platinum 
are  for  the  most  part  met  with  in  alluvial  districts.  Platinum  is 
chiefly  supplied  from  the  mines  of  Mexico,  Brazil,  and  of  the  Ural 
Mountains.  It  is  separated  by  washing  from  the  lighter  impurities 
contained  in  its  ore. 

On  account  of  the  extreme  infusibility  of  platinum,  it  requires 
a  mode  of  manipulation  which  is  complicated  and  peculiar.  The 
method  which  is  employed  was  contrived  by  Dr.  Wollaston  : — The 
ore  is  digested  in  diluted  aqua  regia,  as  long  as  anything  is  dis- 
solved, the  solution  of  the  platinum  taking  place  very  slowly  ; 
the  clear  liquid  is  then  decanted,  and  a  solution  of  sal  ammoniac 
is  poured  into  it ;  the  greater  part  of  the  platinum  is  thus  pre- 
cipitated in  the  form  of  a  yellow  double  salt  (NH4CI,  PtClg), 
which  is  sparingly  soluble.  The  mother  liquor  still  retains  a  portion 
of  platinum,  which  is  precipitated  by  means  of  metallic  iron ;  the 
black  powder  is  redissolved  in  aqua  regia,  and  precipitated  by  the 
addition  of  sal  ammoniac ;  the  double  salt  thus  obtained  being 
added  to  the  first  crop.  The  chloride  of  platinum  and  ammonium 
is  then  washed,  and  heated  to  redness ;  by  which  means  the 
ammonia  and  chlorine  are  expelled,  leaving  the  platinum  behind 
in  porous  slightly  coherent  masses  :  this  spongy  platinum  is  pow- 
dered in  a  wooden  mortar  and  rubbed  into  a  magma  with  water, 
in  which  state  it  is  thoroughly  washed ;  the  metallic  particles  soon 
subside,  and  the  lighter  impurities  are  carried  away.  This  metallic 
mud  is  then  poured  into  a  somewhat  conical  brass  mould,  closed 
below  w4th  blotting  paper  loosely  supported  by  a  plug  ;  the  greater 
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part  of  the  water  drains  off,  and  the  whole  is  then  sul^jected  to  the 
action  of  a  very  powerful  press.  The  mass  which  previously  was 
of  a  dull  grey  colour,  now  assumes  a  compact  metallic  appearance, 
and  acquires  a  specific  gravity  of  about  lo  ;  it  is  next  exposed  to  an 
intense  heat  in  a  wind  furnace,  and  the  ingot  is  forged  by  hammer- 
ing it  upon  its  two  ends, — never  upon  its  sides,  as  if  this  were 
done  it  would  split.  This  heating  and  forging  is  several  times 
repeated  until  it  becomes  homogeneous  and  ductile ;  it  then  has 
a  specific  gravity  of  about  21*5. 

(822)  Properties. — Platinum  is  a  white  metal  susceptible  of 
high  lustre,  and  possessed  of  considerable  hardness.  In  ductility 
it  rivals  iron  and  surpasses  all  other  metals,  and  in  tenacity  it  is 
inferior  only  to  iron,  and  perhaps  copper.  It  resists  the  highest 
heat  of  the  forge,  and  can  only  be  fused  by  the  voltaic  battery  or 
by  the  oxyhydrogen  blowpipe,  before  which  it  is  volatilized  and 
burns  with  scintillations.  The  process  now  employed  for  working  it 
depends  upon  its  property  of  welding  at  very  high  temperatures. 
Attempts  to  crystallize  it  artificially  have  not  succeeded,  but  very 
perfect  octohedra  have  been  met  with  in  its  native  beds.  Its 
specific  gravity  differs  somewhat  with  the  mode  of  manipulation  to 
which  it  has  been  subjected,  but  it  varies  between  21  and  22,  being 
(with  the  exception  of  iridium,  which  is  equally  dense),  the  heaviest 
form  of  matter  as  yet  known.  In  its  power  of  conducting  heat 
and  electricity  it  is  much  inferior  to  gold  and  silver,  in  these 
respects  ranking  very  near  to  iron. 

Platinum  does  not  undergo  oxidation  in  air  at  any  temperature  ; 
none  of  the  acids  have  singly  any  effect  upon  it;  aqua  regia  dis- 
solves it,  though  but  slowly.  If  heated  to  redness  in  air  in  contact 
with  the  alkalies  or  alkaline  earths,  especially  with  lithia  or  baryta, 
it  is  corroded,  owing  to  the  formation  of  an  oxide  which  com- 
bines with  the  alkaline  base.  When  phosphorus  is  heated  with 
spongy  platinum,  eombination  takes  place  between  them  readily. 
The  affinity  of  sulphur  for  platinum  is  much  less  powerful.  Dry 
chlorine  is  without  action  upon  this  metal,  even  when  aided  by  heat. 

(823)  Platinum  may  be  obtained  in  a  state  of  subdivision  still 
finer  than  that  in  which  it  is  left  on  heating  the  double  chloride 
of  platinum  and  ammonium.  In  this  form  it  has  the  appearance 
of  soot,  and  is  termed  platinum  black.  It  may  be  procured  in  this 
condition  by  dissolving  the  protochloride  of  platinum  in  a  strong 
solution  of  caustic  potash,  and  adding  alcohol  to  the  hot  liquid  which 
is  placed  in  a  capacious  vessel,  and  kept  constantly  stirred  :  brisk 
effervescence  takes  place,  owing  to  the  escape  of  carbonic  acid  ;  the 
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platinum  is  reduced,  and  is  deposited  as  a  black  powder  which 
requires  repeated  washing, — first  with  alcohol,  next  with  potash, 
then  with  hydrochloric  acid,  and  lastly  with  water.  Platinum,  in 
this  finely  divided  state,  greedily  condenses  oxygen  from  the  air, 
and  absorbs  many  times  its  bulk  of  the  gas.  If  moistened  with 
alcohol  or  ether  it  imparts  this  oxygen  to  them,  and  forms  new 
compounds;  whilst  the  powder  glows  from  the  heat  which  is 
extricated.  In  all  its  states,  platinum  possesses,  in  a  marked 
degree,  this  property  of  condensing  gases  upon  its  surface ;  and 
the  more  finely  it  is  divided,  and  consequently  the  larger  the 
surface  which  it  presents,  the  more  striking  is  the  phenomenon. 

(824)  Uses. — The  most  important  applications  of  platinum  are 
confined  to  the  laboratory  of  the  manufacturing  and  experimental 
chemist ;  they  depend  upon  its  great  infusibility  and  its  power  of 
resisting  chemical  agents.  Its  introduction  as  a  material  for  the 
construction  of  apparatus  employed  by  the  analytical  chemist,  has 
contributed  in  no  small  degree  to  the  rapid  progress  of  the  science 
during  the  last  40  or  50  years,  by  conferring  upon  his  experiments 
a  precision,  neatness,  and  accuracy  till  then  unattainable.  In  the 
concentration  of  oil  of  vitriol,  large  platinum  stills  are  frequently 
employed;  some  of  these  vessels  weigh  upwards  of  1000  ounces. 
An  attempt  was  made  in  Russia  to  employ  platinum  for  coinage, 
but  it  was  found  to  be  inconvenient,  and  the  experiment  has 
been  abandoned. 

Alloys. — Platinum  may  be  easily  alloyed  with  many  metals, 
the  combination  generally  taking  place  with  the  extrication 
of  light  and  heat :  these  alloys  are  much  more  fusible  than 
pure  platinum.  Care  must  therefore  be  taken  not  to  heat  the 
oxides  of  fusible  and  easily  reduced  metals,  such  as  lead  or 
bismuth,  in  platinum  crucibles,  as  if  the  oxides  should  happen 
to  be  reduced,  the  crucible  would  be  destroyed  by  the  formation 
of  a  fusible  alloy.  Most  of  the  platinum  of  commerce  is  said 
to  contain  iridium,  which  without  impairing  its  power  of  resisting 
chemical  agents,  increases  its  hardness  and  durability.  It  is 
remarkable,  that  though  pure  platinum  is  perfectly  insoluble  in 
nitric  acid,  yet  when  alloyed  with  10  or  12  times  its  weight  of 
silver,  both  metals  are  easily  and  completely  dissolved  by  it.  An 
amalgam  of  platinum  may  be  formed,  by  acting  upon  an  amalgam 
of  sodium  with  a  neutral  solution  of  the  double  chlorides  of 
platinum  and  sodium  :  when  this  amalgam  is  attacked  by  nitric 
acid,  the  platinum  according  to  Levol,  is  partially  dissolved  as 
well  as  the  mercury. 
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Platinum  enters  into  combination  with  carbon  and  witb  silicon  : 
sometimes  in  the  combustion  of  ordinary  platinum  wire  before  the 
blowpipe,  the  globules  are  covered  with  a  film  of  colourless  glass, 
arising  from  the  oxidation  of  the  silicon  and  the  fusion  of  the 
resulting  silica.  A  brittle  granular  compound  of  platinum  and 
silicon  was  accidentally  obtained  by  Professor  Daniell,  owing  to 
the  action  of  silicon  at  a  high  temperature  upon  one  of  the  plati- 
num bars  of  his  pyrometer.  It  appeared  to  be  formed  by  a  kind 
of  cementation,  the  silicon  being  derived  from  the  clay  of  the 
envelope  in  which  it  was  heated  :  the  proportion  of  silicon 
amounted  to  1*5  per  cent. 

(825)  Oxides  of  Platinum. — There  are  two  oxides  of  platinum, 
a  protoxide  and  a  binoxide.  The  protoxide  (PtO ;  Eq.  106-5)  ^^ 
procured  by  digesting  the  protochloride  of  the  metal  in  a  solution 
of  potash :  a  dark  olive-green  liquid  is  thus  obtained  owing  to  the 
solution  of  the  oxide  in  the  excess  of  alkali.  On  neutralizing  the 
solution  with  sulphuric  acid,  a  black  hydrated  protoxide  of  plati- 
num subsides.  It  is  slowly  dissolved  by  acids  forming  unstable 
salts  with  them,  and  is  readily  decomposed  by  heat. 

The  Binoxide  (PtOg,  Eq.  ii4'5):,  has  a  strong  tendency  to 
combine  with  alkaline  bases ;  it  is  therefore  prepared  by  adding  to  a 
solution  of  nitrate  of  platinum  one  half  of  the  quantity  of  carbonate 
of  soda  which  is  necessary  for  its  complete  precipitation.  It  is  thus 
procured  as  a  voluminous  brown  hydrate,  from  which  water  is 
expelled  at  a  gentle  heat,  and  the  mass  becomes  darker;  a  higher 
temperature  expels  the  whole  of  the  oxygen.  Hydrated  oxide  of 
platinum  is  soluble  in  solutions  of  potash  and  soda ;  the  compounds 
thus  formed  may  be  obtained  in  crystals.  The  soda  compound 
consists  of  (NaO,  3  PtOg  +  6  aq).  Binoxide  of  platinum  also  enters 
into  combination  with  other  bases,  forming  compounds  most  of 
which  are  insoluble. 

The  oxide  is  also  soluble  in  acids,  and  forms  well  charac- 
terized salts,  the  solutions  of  which  have  a  yellowish-brown  colour. 

(826)  Sulphides  of  Platinum. — Platinum  combines  with  sulphur 
in  two  proportions.  The  protosulphide  (PtS)  may  be  obtained  as  a 
black  precipitate  by  passing  sulphuretted  hydrogen  over  moistened 
protochloride  of  platinum ;  by  heating  sulphur  with  the  double 
chloride  of  platinum  and  ammonium  it  is  left  as  a  grey  powder  of 
metallic  appearance,  from  which  the  sulphur  is  completely  expelled 
by  heating  it  in  the  open  air. 

The  Bisulphide  (PtSa)  is  best  procured  by  decomposing  the 
double  chloride  of  sodium  and  platinum  by  sulphuretted  hydrogen  ; 
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it  falls  as  a  dark-brown  powder,  wliich  becomes  black  during 
desiccation.  It  is  somewhat  soluble  in  the  sulphides  of  the  alka- 
line metals.  By  ignition  in  close  vessels  it  is  converted  into  pro- 
tosulphide.  When  exposed  to  the  air,  and  gently  heated,  it  is  par- 
tially converted  into  sulphate,  but  at  a  higher  temperature  is 
wholly  decomposed,  metallic  platinum  remaining. 

(827)  Chlorides  of  Platinum. — These  correspond  in  number 
and  composition  to  the  sulphides  and  oxides  of  the  metal.  In 
order  to  procure  the  protochloride  (PtCl,  Eq.  134)^  the  solution  of 
platinum  in  aqua  regia  should  be  evaporated,  and  the  residue  ex- 
posed to  a  heat  of  450°,  as  long  as  any  chlorine  is  expelled ;  the 
compound  which  remains  is  the  protochloride.  It  is  of  an  olive 
colour,  and  is  insoluble  in  water :  it  is  scarcely  acted  upon  by 
nitric  and  sulphuric  acids ;  hydrochloric  acid  dissolves  it  sparingly ; 
but  it  is  dissolved  easily  by  caustic  potash,  and  by  the  bichloride 
of  platinum,  with  which  latter  it  forms  a  double  salt.  It  forms 
double  crystallizable  salts  with  the  alkaline  chlorides. 

The  Bichloride  of  Platijium  (PtClg,  Eq.  169*5)  is  obtained  by 
dissolving  platinum  in  a^ua  regia,  and  evaporating  the  solution  to 
dryness  by  means  of  a  steam  heat.  It  is  a  deliquescent  salt,  and 
forms  a  deep  orange-coloured  solution  in  water,  from  which  it  may 
be  obtained  crystallized  in  prisms :  it  is  also  dissolved  largely  by 
alcohol  and  by  ether.  When  heated  to  450°  it  loses  half  its 
chlorine,  forming  the  protochloride,  and  if  the  temperature  be  further 
raised,  it  is  completely  decomposed,  and  metallic  platinum  is  left. 

With  other  chlorides  it  forms  numerous  double  salts,  which 
are  produced  by  mixing  the  solutions  of  these  chlorides  with  that 
of  the  bichloride  of  platinum,  and  evaporating.  The  double  chloride 
with  potassium  (KCl,  PtClg,  Eq.  244)  is  a  sparingly  soluble  anhy- 
drous compound,  which  crystallizes  in  octohedra ;  it  is  insoluble 
in  alcohol  and  ether.  This  salt  is  commonly  used  as  a  means  of 
determining  analytically  the  quantity  of  potash  in  a  compound. 
It  is  decomposed,  by  a  red  heat,  into  chloride  of  potassium  and 
metallic  platinum. 

The  double  chloride  of  platinum  and  sodium  (NaCl  +  PtClg  + 
6  aq)  crystallizes  in  beautiful  red  striated  prisms,  which  are  soluble 
in  water,  alcohol,  and  ether.  With  chlo7'ide  of  ammonium  (NH4CI, 
PtClg)  a  compound  is  formed  very  similar  in  appearance  to  that 
with  potassium,  with  which  it  is  isomorphous.  It  is  sparingly 
soluble  in  water,  and  is  insoluble  in  alcohol  and  ether.  This 
salt  is  employed  in  analysis  for  determining  the  quantity  of  am- 
monia present  in  solutions.      It  is  also  made  use  of  for  separating 
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platinum  from  the  other  metals  with  which  it  is  associated,  after 
they  have  been  brought  into  solution  by  treating  the  ore  with 
aqua  regia  (821).  When  the  double  chloride  of  platinum  and 
ammonium  is  ignited,  the  ammonia  and  chlorine  are  wholly  ex- 
pelled, and  pure  platinum  remains. 

(828)  Ammoniacal  derivatives  from  the  Chlorides  of  Platinum. 
— The  action  of  ammonia  upon  the  chlorides  of  platinum  gives 
rise  to  the  formation  of  several  remarkable  compound  bases,  the 
composition  of  which  offers  considerable  interest  in  a  theoretical 
point  of  view.  Magnus  found  that  if  the  protochloride  of  platinum 
be  dissolved  in  hydrochloric  acid,  the  addition  of  an  excess  of  am- 
monia to  the  boiling  solution  causes  the  deposition  of  brilliant 
green  acicular  crystals  which  are  insoluble  in  water  and  in  hydro- 
chloric acid  :  they  consist  of  the  elements  of  2  equivalents 
of  protochloride  of  platinum  and  2  equivalents  of  ammonia 
(PtgClaNgHg).  This  compound,  however,  undergoes  no  change 
when  digested  at  ordinary  temperatures  in  solutions  of  the  caustic 
alkalies,  or  in  the  concentrated  acids,  but  when  boiled  with  them  it 
is  slowly  decomposed.  If  digested  in  nitric  acid,  one  half  of  the 
platinum  is  separated  in  the  metallic  state,  and  on  evaporating  the 
solution,  a  salt  is  obtained  crystallized  in  small  flattened  prisms 
(PtCl,  2  H3N,  0)N05.  Neither  the  chlorine  nor  the  platinum 
can  be  detected  in  this  solution  by  the  usual  tests.  The  nitric 
acid  may  be  displaced  from  it  by  double  decomposition  with  sul- 
phate, phosphate,  or  oxalate  of  soda,  and  a  sparingly  soluble 
sulphate,  phosphate,  or  oxalate  of  the  base  is  then  formed.  The 
base  of  these  salts  (commonly  called  Gros's  salts,  from  the  name 
of  their  discoverer)  has  not  been  isolated, 

Raewsky  discovered  that  if  the  green  salt  of  Magnus  be  boiled 
with  an  excess  of  nitric  acid,  red  fumes  are  disengaged,  and  a  dif- 
ferent salt  is  formed,  which  may  be  obtained  in  crystals  on  eva- 
poration. The  nitric  acid  may  be  displaced  from  this  compound 
by  an  equivalent  quantity  of  oxalic  or  carbonic  acid. 

It  would  only  perplex  the  student  to  detail  the  methods  of  pre- 
paring the  various  compounds  of  this  class,  which  subsequent  in- 
quiries have  brought  to  light ;  indeed,  the  examination  of  these  salts 
is  yet  far  from  complete.  The  following  table  contains  the  formulae 
of  the  principal  series  which  have  been  ascertained  to  exist  :* — 


*  The  following  papers  may  be  consulted  upon  this  subject :  Gros,  Ann. 
de  Chimie,  II.,  Ixix.  204 ;  Eeiset,  iZ>.,  III.,  xi.  417  ;  Eaewsky,  lb.,  III.,  xxii. 
278  ;  Peyrone,  Liebifs  Annal.  li.  1,  and  Iv.  205  ;  Gerhardt,  Comptes  Rendiis 
des  travaux  de  Chimie,  par  Laurent  et  Gerhardt,  1849,  pp.  113,  and  273. 
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1.  Salts  of  Platosamine  (Reiset^s  second  base)., 

Platosamine PtHgN,  O. 

Hydrochlorate  of  platosamine  (yellow)    .      PtH3N_,  CI. 
Nitrate  of  platosamine PtHgN,  O,  NO5. 

2.  Salts  of  Diplatosamine  (Reiset's  first  base). 

Diplatosamine PtHgNa,  0  +  HO. 

Hydrochlorate  of  diplatosamine    .      .•   .      PtHgNg,  CI. 

Magnus's*  green  salt PtHgNaCl  +  PtCl. 

Nitrate  of  diplatosamine PtHgNgO^  NO5. 

Bicarbonate  of  diplatosamine  .      .      .  HO,  PtHgNgO,  2  COg. 

3.  Salts  of  Platinamine  (Gerhardt's  base). 

Platinamine PtHgN,  Og. 

Bihydrochlorate  of  platinamine     .      .      .  PtHgN,  Clg. 

Neutral  nitrate  of  platinamine      .      .      .  PtHgN,  O2,  NO5  3  HO. 

Binitrate PtHgN,  O^,  %  NO5. 

4.  Salts  of  Diplatinamine. 
Diplatinamine  (not  isolated) 

Hydrochlorate  of  diplatinamine     .      .      .      PtHgNg,  CI. 

Neutral  nitrate PtHgNaOa,  NO5,  HO. 

Sesquinitrate 2(PtH6N202),  3N05,HO. 

5.  Salts  obtained  by  Gros. 

Base  not  isolated PtClHeNgO. 

I  Hydrochlorate PtClHeNgCl. 

\  (viewed  by  Gerhardt  as  bihydrochlorate^  ^  jj  ^  „, 

I      of  diplatinamine) j  622- 

Nitrate PtClHgNA  NO5. 

6.  Salts  obtained  by  Raewsky.^ 
Base  not  isolated 

Binitrate  (crystallized) Pt2ClHi2N40g,  2  NO5. 

Phosphate Pt2ClHi2N405,P05,HO. 

Bicarbonate Pt2ClHi2N405,  2  COg. 

*  Gerhardt  disputes  the  correctness  of  Raewsky's  formula?,  and  regards 
the  salts  discovered  by  this  chemist  as  sesquiacid  salts  of  diplatosamine,  and 
he  views  those  of  Gros  as  biacid  salts  of  diplatinamine,  in  some  of  which  two 
acids  are  present.  A  serious  objection  to  this  supposition,  however,  is  afforded 
hj  the  fact  that  Gros's  hydrochlorate  abandons  only  half  its  chlorine  when 
mixed  with  the  solution  of  nitrate  of  silver.  It  ought  to  give  up  the  whole 
were  Gerhardt's  theory  correct. 

A  very  ingenious  theory  of  the  composition  of  the  four  first  bases  has  been 
proposed  by  the  same  chemist.  He  supposes  platinum,  in  common  with 
several  other  metals  (such  as  mercury,  iron,  palladium,  and  cobalt),  to  have 
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(829)  The  Bihromide  of  Platinum  is  a  brown  insoluble  powder. 
A  Biniodide  of  Platinum  is  precipitated  as  a  sparingly  soluble 
powder  of  a  deep  wine-red  colour/ on  adding  iodide  of  potassium 
to  a  dilute  solution  of  chloride  of  platinum. 

Fulminating  platinum  is  procured  as  an  insoluble  black  powder 
by  precipitating  the  sulphate  with  an  excess  of  ammonia.  The 
acids  decompose  it  with  formation  of  ammoniacal  salts.  If  sud- 
^j^  denly  heated  to  about  405°  it  explodes.  The  persulphate  of 
platimyli  may  be  formed  by  treating  the  bisulphide  with  fuming 
nitric  acid,  and  heating,  to  expel  the  excess  of  nitric  acid.  The 
peryiitrate  may  in  like  manner  be  formed  by  digesting  the  bin- 
oxide  in  diluted  nitric  acid ;  both  these  salts  form  insoluble  double 
subsalts  on  the  addition  of  an  alkali. 

(830)  Characters  of  the  Salts  of  Platinum. — The  proto- 
salts  of  platinum  are  unimportant.  Of  the  persalts  of  platinum 
the  bichloride  is  the  only  soluble  compound  of  frequent  occurrence. 
These  salts  are  distinguished  by  the  following  characters.  When 
heated  they  are  all  decomposed,  and  leave  a  residue  of  metallic 
platinum:  they  have  a  brownish -yellow  colour  in  solution.  With 
potash,  or  with  any  of  its  salts,  they  give  a   yellow  precipitate  of 


the  power  of  entering  into  combination  with,  two  different  equivalent  numbers  ; 
one  of  these  is  the  number  99,  ordinarily  assumed  as  the  equivalent  of  the 
metal  (which  he  terms  platinostcm),  having  a  symbol  Pt.  The  other  equivalent 
is  equal  to  one-half  of  this,  or  49*5,  its  symbol  being  pt,  or  (^  Pt).  The  com- 
pound usually  known  as  protochloride  of  platinum  (PtCl),  Gerhardt  terms 
chloride  of  platinosum ;  and  the  salt  ordinarily  described  as  bicliloride  of 
platinum,  PtClg,  he  designates  as  chloride  of  ylatinicmn  (ptCl)  or  (|  Pt,  CI). 

The  different  platinum  bases  are  viewed  by  Gerhardt  as  compound  am- 
monias in  which  a  portion  of  the  hydrogen  is  displaced  by  platinum.  The 
salts  of  platosamine,  as  well  as  those  of  diplatosamine,  require  i  equivalent  of 
an  acid  for  their  neutralization  ;  they  each  contain  i  equivalent  of  platinosum, 
this  being  the  element  which  confers  upon  them  their  basic  power.  The 
salts  of  platinamine,  and  of  diplatinamine,  on  the  other  hand,  are  supposed  to 
contain  2  equivalents  of  platinicum ;  and  thus  the  necessity  for  2  equivalents 
of  acid  in  order  to  neutralize  these  bases  is  explained.  The  following  table, 
which  represents  the  compounds  formed  by  these  different  bases  with  hydro- 
chloric acid,  will  illustrate  this  theory. 

Chlorides  of  Platinum  Bases.  By  Gerhardt's  Theory.         Empirical  Formula. 

Hydroehlorate  of  Platosamine     .     .     PtH^N,  HCl     .     .     PtHgNCI. 


Diplatosamine     .     PtH^N.,  HCl   .     .     PtHgNoCI. 

Platinamine     .     .     (^-Pt)2K[N,  2  HCl  .    PtHgNCI. 

Diplatinamine      .     (|Pt)2H4N.„  2HCI     PtHgN.Clj. 


This  theory  of  the  existence  of  two  different  equivalents  of  platinum 
adapts  itself  very  happily  to  the  case  which  we  are  now  considering,  but  when 
the  attempt  is  made  to  generalize  it,  by  assuming  that  iron,  copper,  &c.,  also 
have  two  different  equivalents,  it  is  open  to  very  serious  objections,  which  are 
fatal  to  its  general  adoption. 


JSmr!/ 


1068  ESTIMATION    OF    PLATINUM PALLADIUM. 

tlie  double  chloride  of  platinum  and  potassium,  which  is  soluble 
in  a  large  excess  of  this  alkali  :  soda  precipitates  a  brown  hydrated 
oxide  which  is  soluble  in  excess  of  the  alkali :  with  ammonia,  or  a 
soluble  salt  of  ammonia,  a  yellow  double  chloride  is  precipitated, 
which  is  decomposed  by  heat,  leaving  metallic  platinum.  Sulphu- 
i^etted  hydrogen  and  hydrosulphate  of  ammonia  give  a  black  sul- 
phide, which  is  soluble  in  a  large  excess  of  the  alkaline  sulphides. 

Solutions  of  the  salts  of  platinum  are  reduced  by  the  subnitrate 
of  mercury y  but  not  by  protosulphate  of  iron.  Protochloride  of  tin 
produces  a  very  deep  brown  solution,  but  yields  no  precipitate; 
iodide  of  potassium  gives  a  brown  precipitate  of  iodide  of  platinum. 
The  solutions  of  the  salts  of  platinum  are  readily  reduced  to  the 
metallic  state  by  means  of  zinc  or  iro7i. 

(831)  Estimation  of  Platinum. — Platinum  may  be  estimated 
either  in  the  metallic  state,  or  in  the  form  of  a  double  chloride  of 
platinum  with  potassium  or  ammonium.  The  solutions  from  which 
these  double  salts  are  precipitated  should  be  concentrated;  the 
complete  separation  of  the  salt  is  favoured  by  the  addition  of  alco- 
hol, and  the  washing  of  the  precipitate  should  be  performed  with 
dilute  alcohol.  Platinum  may  thus  be  separated  from  all  the 
metals  hitherto  described :  1 00  parts  of  the  double  chloride  of 
platinum  and  potassium  contain  40*43  of  the  metal ;  and  100 
parts  of  the  ammonia  salt  contain  44*38  of  platinum. 

§  V.  Palladium. 
Symbol,  Pd;  Equivalent,  53*24;   Specific  Gravity,  11 '8. 

(832)  Palladium  is  one  of  the  rare  metals  which  occur  chiefly 
in  the  ore  of  platinum,  in  which  it  was  discovered  by  Dr.  Wol- 
laston  in  the  year  1803.  It  usually  forms  from  i  to  g  per  cent, 
of  these  ores.  According  to  G.  Rose  palladium  is  dimorphous,  as  it 
is  found  native  in  cubes,  and  in  6-sided  plates.  In  order  to  extract 
the  metal  from  the  ore  of  platinum,  the  solution  of  this  ore  in  aqua 
regia  is  treated  with  chloride  of  ammonium  to  separate  the  platinum, 
as  already  described  (821),  and  to  the  filtered  liquid,  cyanide  of 
mercury  in  solution,  is  added;  a  white  flocculent  cyanide  of 
palladium  subsides ;  this  is  converted  into  a  sulphide  by  heating  it 
in  contact  with  sulphur,  and  the  sulphur  is  subsequently  expelled 
by  repeated  roastings.  Another  source  of  palladium  is  the  native 
alloy  which  it  forms  with  gold,  and  which  is  found  in  the 
Brazilian  mines.  In  order  to  extract  the  palladium  from  it, 
Mr.  Cock  directs  the  alloy  to  be  fused  with  silver,  and  then  boiled 
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in  nitric  acid,  by  which  all  the  metals  except  the  gold  are  brought 
into  solution.  The  decanted  liquid  is  then  to  be  mixed  with  a 
solution  of  common  salt  by  which  the  whole  of  the  silver  is  thrown 
down  in  the  form  of  chloride.  Palladium  with  the  other  metals 
(which  consist  principally  of  copper,  with  some  lead  and  iron,)  still 
remains  dissolved.  Bars  of  metallic  zinc  are  introduced  into  the 
liquid,  and  these  metals  are  precipitated  upon  the  zinc  in  the  form 
of  a  black  powder,  consisting  of  reduced  metal.  This  precipitate 
is  washed,  and  redissolved  in  nitric  acid,  supersaturated  with  am- 
monia, which  dissolves  the  oxides  of  palladium  and  copper,  while 
those  of  iron  and  lead  are  precipitated :  the  clear  liquid  is  now 
supersaturated  by  hydrochloric  acid.  Palladium  is  thus  thrown 
down  in  the  form  of  a  yellow,  sparingly  soluble  double  chloride  of 
palladium  and  ammonium ;  by  ignition  it  is  reduced,  and  agglu- 
tinates, but  does  not  fuse.  A  small  quantity  of  palladium  still 
remains  in  solution,  and  may  be  recovered  by  the  introduction  of 
bars  of  iron. 

Palladium  is  a  white,  hard  metal  possessed  of  considerable 
ductility  and  tenacity.  It  is  not  fusible  in  an  ordinary  wind 
furnace,  but  melts  at  a  lower  temperature  than  platinum.  Before 
the  oxyhydrogen  blowpipe  it  burns  with  scintillation.  It  under- 
goes no  change  in  the  open  air  at  ordinary  temperatures ;  but  at  a 
low  red  heat  it  becomes  covered  with  an  iridescent  film  owing 
to  a  superficial  oxidation ;  on  increasing  the  heat,  the  oxygen 
is  expelled,  and  the  metal  resumes  its  brilliant  surface.  Palla- 
dium is  dissolved  when  heated  in  nitric  acid  or  in  aqua  regia, 
but  it  is  acted  upon  by  the  Ather  acids  with  difficulty.  By  fusion 
with  nitre  or  with  the  alkalies  it  is  oxidized.  If  a  solution  of 
iodine  in  alcohol  be  evaporated  on  a  slip  of  palladium  a  stain  is 
left,  by  which  this  metal  is  at  once  distinguished  from  platinum. 
Palladium  readily  combines  with  gold,  which  is  rendered  brittle  by 
its  presence  even  in  small  proportion.  It  has  a  remarkable  power  of 
whitening  the  colour  of  gold,  even  though  present  in  the  mix- 
ture only  in  small  quantity ;  and  when  it  forms  20  per  cent,  of  the 
mass,  the  alloy  is  quite  white.  If  alloyed  with  twice  its  weight  of 
silver  it  forms  a  ductile  compound  which  is  well  adapted  for  the 
construction  of  small  weights.  Palladium  has  been  applied  in  a 
few  cases  to  the  construction  of  graduated  scales  for  astronomical 
instruments,  for  which,  by  its  whiteness,  hardness,  and  inalterability 
in  air,  it  is  well  adapted. 

(833)  Oxides  of  Palladium. — This  metal  appears  to  form  3 
oxides  :   a  protoxide,  which  is  the  base  of  the  salts  of  the  metal ; 
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a  binoxide,  and  a  suboxide,  PdaO,  which,  according  to  Kane, 
is  obtained  by  heating  the  hydrated  protoxide  to  incipient  redness. 

The  protomde  (PdO,  Eq.  61*2)  may  be  procured  as  a  black 
powder,  by  heating  the  nitrate  to  low  redness ;  or  it  may  be  ob- 
tained upon  adding  carbonate  of  potash  or  soda  to  its  salts,  as  a 
dark  brown  hydrate  from  which  the  water  may  be  expelled  by  heat. 
At  a  bright  red  heat  it  loses  its  oxygen. 

The  binoxide  is  prepared  by  decomposing  the  solid  double 
chloride  of  palladium  and  potassium  by  solution  of  potash ;  it 
forms  a  yellowish- brown  hydrate,  which  is  soluble  in  the  alkalies ; 
but  it  becomes  anhydrous  by  boiling  it  with  water,  and  is  then 
deposited  as  a  black  powder. 

Sulphide  of  Palladium  (PdS)  may  be  formed  either  directly, 
by  heating  powdered  sulphur  with  palladium,  or  by  precipitating 
the  salts  of  the  metal  by  sulphuretted  hydrogen ;  it  forms  a  fusible 
greyish- white  lustrous  mass,  from  which  heat  expels  the  sulphur. 

If  a  piece  of  palladium  foil  or  wire  be  held  in  the  flame  of  a 
spirit  lamp,  soot  is  speedily  deposited  in  large  quantity,  the  foil  or 
wire  is  corroded,  and  the  mass  of  soot  is  found  to  contain  palladium 
throughout,  owing  to  the  formation  of  a  carburet  of  the  metal. 

(834)  Chloride  of  Palladium  (PdCl)  is  obtained  by  evaporating 
to  dryness  a  solution  of  palladium  in  aqua  regia ;  it  forms  brown 
hydrated  crystals,  which  become  black  when  the  water  is  expelled ; 
if  heated  to  redness  metallic  palladium  is  left.  Chloride  of  palladium 
forms  double  salts  with  the  soluble  chlorides ;  those  with  potas- 
sium and  ammonium  are  yellow.  With  ammonia,  chloride  of 
palladium  forms  a  series  of  compdUnds  analogous  to  those  of 
platinum  (828)  :  one  of  them,  palladamine  (PdHgNjO,  is  a  power- 
fully alkaline  base.  The  bichloride  exists  in  solution  in  aqua  regia, 
but  cannot  be  obtained  in  crystals  :  it  forms  double  salts  with  the 
alkaline  chlorides;  the  double  salt  with  potassium  crystallizes 
in  ruby-red  prisms. 

Cyanogen  has  a  stronger  affinity  for  palladium  than  for  any 
other  metal.  This  cyanide  is  procured  as  a  yellowish  precipitate  by 
adding  cyanide  of  mercury  or  of  potassium  to  neutral  solutions  of 
any  of  the  salts  of  palladium  :  it  forms  a  series  of  double  cyanides. 

The  Sulphate  of  Palladium,  (PdO,  SO3,)  may  be  obtained  by 
decomposing  the  nitrate  by  sulphuric  acid,  or  by  dissolving  the 
oxide  in  sulphuric  acid.  It  is  a  deliquescent  salt  which  forms  a 
deep  brownish-red  solution ;  when  heated  it  loses  acid,  and  forms 
a  subsalt. 

The  nitrate  is  formed  by  boiling  nitric  acid  on  palladium ;  it 
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may  be  obtained  in  rliomboidal  prisms ;  tliey  are  freely  soluble  in 
water,  and  form  a  deep  red  liquid.  If  ammonia  in  excess  be  added 
to  this  solution,  an  ammoniacal  nitrate  of  palladium  may  be 
crystallized  from  it  in  rectangular  tables. 

i^35)  Characters  of  the  Salts  of  Palladium. — The  com- 
pounds of  palladium  are  distinguished  by  the  yellowish  precipitate  of 
cyanide  of  palladium,  formed  on  adding  cyanide  of  mercury  to  their 
neutral  solutions.  The  alkalies  precipitate  the  compounds  of  paL 
ladium  in  the  form  of  a  red  or  orange  subsalt,  which  is  soluble 
in  excess  of  the  alkali  by  the  aid  of  heat.  Ammonia  gives  a 
flesh-coloured  precipitate,  soluble  in  excess  of  ammonia.  Iodide 
of  potassium  precipitates  a  black  iodide  of  palladium.  Sulphu- 
retted hydrogen  and  hydrosulphate  of  ammonia  throw  down  a 
black  sulphide  of  palladium,  insoluble  in  the  alkaline  sulphides. 
Concentrated  solutions  of  the  salts  of  palladium  are  reduced  by 
solution  of  protosulphate  of  iron,  and  by  many  of  the  metals. 
Protochloride  of  tin  produces  a  black  precipitate,  which  is  dissolved 
by  hydrochloric  acid,  forming  an  intense  green  solution. 

Palladium  may  be  separated  from  all  other  metals,  except 
copper  and  lead,  by  the  addition  of  the  cyanide  of  mercury  to  the 
solution  previously  neutralized  by  means  of  carbonate  of  soda. 
The  cyanide  of  palladium  when  ignited  in  the  air  leaves  metallic 
palladium. 

§  VI.  Rhodium. 
Symbol,  Ro ;  Equivalent,  52'i6;  Specific  Gravity,  ii'2. 

(836)  Rhodium  usually  forms  about  ^  per  cent  of  the  ore  of 
platinum ;  it  may  be  extracted  from  the  solution  in  aqua  regia 
after  the  separation  of  the  platinum  and  palladium  by  sal  am- 
moniac and  cyanide  of  mercury  :  the  excess  of  cyanide  of  mercury 
is  then  decomposed  by  acidulating  the  solution  with  hydrochloric 
acid,  adding  common  salt  and  evaporating  to  dryness ;  the  chloride 
of  sodium  thus  forms  double  chlorides  with  all  the  metals  in  solu- 
tion ;  the  residue  is  treated  with  alcohol,  which  dissolves  all  these 
double  salts,  except  that  of  sodium  and  rhodium,  which  remains 
behind  as  a  red  powder  ;  this  is  dissolved  in  water,  and  the  rhodium 
thrown  down  in  a  pulverulent  form  by  means  of  bars  of  metallic 
zinc.  The  chloride  of  sodium  and  rhodium  may  also  be  decom- 
posed by  heating  it  in  a  current  of  hydrogen  gas,  when,  on  wash- 
ing the  mass  with  water,  the  rhodium  is  left  in  a  pulverulent  form. 

Rhodium  is  a  very  hard,  white,  and  brittle  metal ;  with  the 
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exception  of  iridium^  it  is  the  least  fusible  of  the  metals.  When 
purCj  it  is  insoluble  in  the  acids,  though  if  alloyed  with  platinum, 
copper,  or  bismuth,  it  is  dissolved  with  them  in  nitrohydrochloric 
acid.  Rhodium  has  a  considerable  affinity  for  oxygen,  and  may 
be  oxidized  by  fusion  with  nitre  and  carbonate  of  potash ;  bisul- 
phate  of  potash  also  oxidizes  the  metal  and  forms  a  soluble  double 
sulphate  of  rhodium  and  potassium.  If  heated  in  contact  with 
chloride  of  sodium,  in  a  current  of  chlorine,  a  soluble  double 
chloride  of  sodium  and  rhodium  is  produced. 

The  only  use  to  which  rhodium  has  hitherto  been  applied  is  to 
the  formation  of  nibs  for  metallic  pens,  for  which  it  is  well  fitted 
from  its  extreme  hardness  and  inalterability. 

(837)  Khodium  appears  to  form  tAvo  definite  oxides,  RO  and 
112^)3;  besides  some  compounds  intermediate  between  them.  The 
protoxide  has  not  been  obtained  in  a  state  of  purity. 

Sesquioxide  of  Rhodium  (R02O3)  Eq.  6o'i2.  This  is  the  only 
salifiable  oxide  of  rhodium;  it  may  be  procured  by  heating 
rhodium  with  nitre  and  carbonate  of  potash  ;  the  oxide  forms  an 
insoluble  compound  with  potash,  which  is  to  be  well  washed,  and 
decomposed  by  digestion  with  hydrochloric  acid  :  the  sesquioxide 
is  thus  left  as  a  greenish-grey  hydrate  which  is  insoluble  in  all  acids. 

Rhodium  forms  two  sulphides,  RoS  and  R02S3. 

If  the  metal  be  heated  in  the  vapour  of  sulphur,  the  two  bodies 
unite  with  incandescence,  and  form  the  protosulphide,  which  has  a 
bluish-grey  colour,  and  fuses  at  a  very  high  temperature;  the  sulphur 
burns  off"  in  the  open  air  and  leaves  a  forgeable  mass  of  metallic 
rhodium.  The  sesquisulphide  may  be  obtained  in  the  form  of  a 
brown  hydrate  by  decomposing  a  hot  solution  of  the  double  chloride 
of  sodium  and  rhodium  by  means  of  an  alkaline  sulphide. 

Three  chlorides  of  rhodium,  RoCl,  R04CI5,  and  R02CI3  are  stated 
by  Berzelius  to  exist,  but  the  sesquichloride  is  the  only  one  of  im- 
portance. The  sesquichloride  is  formed  by  decomposing  the  chloride 
of  potassium  and  rhodium  by  silicofluoric  acid,  which  separates  the 
potassium  as  a  gelatinous  silicofluoride ;  the  filtered  liquid  when 
evaporated  to  dryness,  leaves  the  sesquichloride  of  rhodium.  This 
chloride  unites  with  many  of  the  soluble  chlorides  to  form  crystal- 
lizable  double  salts,  which  are  of  a  ruby  or  rose  colour  (whence  the 
metal  receives  its  name) ;  that  of  sodium  crystallizes  in  cubes  or 
in  octohedra,  which  are  efflorescent  in  the  air  (3  NaCl,  R2CI3  + 
18  aq) ;  they  are  insoluble  in  alcohol. 

(838)  Characters  of  the  Salts  of  Rhodium. — The  double 
chloride  of  sodium  and  rhodium  is  the  best  known  of  these  com- 
pounds.     The  salts  of  the  sesquioxide  of  the  metal  generally  form 
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rose-coloured  solutions ;  they  are  decomposed  by  iron  or  zinc,  which 
causes  a  deposit  of  metallic  rhodium.  Potash  occasions  a  pre- 
cipitate of  yellow  hydrated  oxide,  soluble  in  the  excess  of  the 
alkali.  Iodide  of  jwtassium  throws  down  a  yellow  iodide  of 
rhodium.  Sulphuretted  hydrogen  slowly  forms  a  brown  precipi- 
tate insoluble  in  the  alkaline  sulphides.  The  soluble  sulphites 
give  a  pale  yellow  precipitate. 

§  VII.  Ruthenium. 
Symbol,  Ru;  Equivalent,  ^Vii ;  Specific  Gravity,  8 "6. 

(839)  Treatment  of  the  Platinum  residue. — -After  the  platinum 
ore  has  been  exhausted  with  aqua  regia,  a  residue  is  obtained 
which  frequently  contains  both  titaniferous  iron  and  chrome  iron ; 
but  its  most  important  constituent  is  an  alloy  in  flat  plates  or 
scales,  of  a  white  colour  and  metallic  lustre.  This  is  usually  con- 
sidered to  be  an  alloy  of  osmium  and  iridium.  It  has,  however, 
recently  been  found  to  consist  of  four  metals — viz.,  osmium,  iridium^ 
ruthenium,  and  a  small  quantity  of  rhodium. 

Fremy  has  lately  simplified  the  method  of  separating  the 
different  metals  contained  in  this  residue :  and  for  this  purpose 
he  avails  himself  of  the  oxidability  of  osmium  and  the  volatility 
of  its  peroxide.  His  mode  of  proceeding  consists  of  a  process  of 
roasting  the  alloy  in  a  current  of  dry  air  {Chem.  Gaz.,  1854, 
p.  241).  For  this  purpose  the  residue  is  placed  in  a  porcelain  or 
platinum  tube,  and  heated  to  redness.  In  the  portion  of  the  tube 
which  projects  from  the  furnace  some  fragments  of  porcelain  are 
placed,  and  the  tube  is  connected  with  a  series  of  glass  flasks  for 
the  purpose  of  condensing  the  osmic  acid  as  it  distils ;  in  the  last 
flask  a  solution  of  potash  is  placed,  in  order  to  retain  such  portions 
of  osmic  acid  as  may  have  escaped  condensation ;  and  this  flask  is 
connected  with  an  aspirator,  by  means  of  which  a  current  of  at- 
mospheric air  is  maintained  through  the  apparatus.  The  air  is 
dried,  and  freed  from  organic  particles  before  it  enters  the  heated 
tube,  by  causing  it  to  pass  through  tubes  filled  with  pumice  moist- 
ened with  sulphuric  acid.  During  the  operation  the  osmium  and 
ruthenium  become  oxidized.  The  osmic  acid  condenses  in 
beautiful  needles  in  the  flasks,  and  mechanically  carries  forward 
the  oxide  of  ruthenium,  which  is  deposited  upon  the  fragments  of 
porcelain  in  regular  crystals. 

The  fixed  residue  consists  of  an  alloy  of  iridium  and  rhodium, 
mixed  with  a  little  osmium  and  ruthenium.     This  is  to  be  fused 
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with  caustic  potash,  by  which  the  oxide  of  ruthenium  is  removed 
and  is  dissolved  out  on  washing  the  fused  mass  with  water.  The 
undissolved  portion  is  ignited  with  four  parts  of  nitrate  of  potash, 
and  the  product  is  treated  with  boiling  water,  which  dissolves  the 
osmium,  and  on  cooling,  often  deposits  it  in  octohedral  crystals  of 
osmite  of  potash.  The  residue  now  contains  only  sesquioxides  of 
iridium  and  of  rhodium.  Aqua  regia,  when  boiled  upon  it,  con- 
verts most  of  the  iridium  into  the  soluble  bichloride ;  a  solution  of 
chloride  of  potassium  is  added  to  the  liquid,  after  which  crystals  of 
the  double  chloride  of  iridium  and  potassium  are  deposited  as  it  cools. 
The  sesquioxide  of  rhodium,  which  is  insoluble  in  aqua  regia,  is  con- 
verted into  a  soluble  double  salt  by  mixing  it  intimately  with 
chloride  of  sodium  and  heating  the  mass  to  dull  redness  in  a  current 
of  dry  chlorine. 

(840)  KuTHENiUM  is  a  metal  which,  in  1845,  was  shown  by  M. 
Clans  to  exist  in  the  ore  of  platinum.  It  is  very  hard,  and 
brittle,  and  is  infusible  even  before  the  oxyhydrogen  blowpipe.  It 
absorbs  oxygen  at  a  red  heat,  and  the  oxide  so  obtained  is  not 
decomposed  by  simple  elevation  of  temperature.  The  metal  is 
readily  oxidized  by  fusion  with  nitre,  or  with  caustic  potash. 
Kuthenium  accompanies  the  alloy  of  osmium  and  iridium,  and  is 
not  found  in  the  portion  of  platinum  ore  which  is  soluble  in  aqua 
regia.  It  is  most  easily  obtained  by  Fremy's  process  (839).  The 
sesquioxide  of  ruthenium  is  not  volatile  when  heated  alone,  but  is 
carried  forward  mechanically  by  the  peroxide  of  osmium,  and  con- 
denses in  crystals  near  to  the  source  of  heat.  By  heating  this 
oxide  in  a  current  of  hydrogen,  the  metal  is  obtained  in  the  form 
of  a  dark  grey  powder.  Uuthenium  forms  four  compounds  with 
oxygen,  RuO,  RugOg ;   RuOg  and  RuOg. 

Ruthenic  acid  (RuOg)  is  an  insoluble  metallic  acid ;  it  may  be 
obtained  by  heating  any  of  the  preceding  oxides  with  nitre;  the 
rutheniate  of  potash  forms  an  orange-yellow  solution  in  water.  The 
sesquioxide  is  the  most  stable  of  the  oxides  of  the  metal;  it  is 
obtained  in  the  anhydrous  form  by  igniting  the  metal  in  a  current 
of  air.  It  is  insoluble  in  the  alkalies ;  but  with  acids  it  forms 
soluble  salts  which  have  a  yellow  coloiir.  The  alkalies  precipitate 
the  hydrated  oxide  (RugOg,  3  HO)  from  these  solutions  as  a  bulky 
blackish-brown  powder. 

There  are  3  chlorides  of  ruthenium,  RuCl,  RugClg,  and  RuClg. 
The  sesquichloride  is  obtained  by  dissolving  the  sesquioxide  in 
hydrochloric  acid  :  on  evaporation  it  yields  a  greenish  blue  deli- 
quescent mass,  which  is  soluble  in  alcohol.  Sulphuretted 
hydrogen  causes  a  brown  precipitate  of  sulphide  of  ruthenium  in 
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solutions  of  tlie  sesquichloride^  leaving  a  supernatant  liquid  of  a 
fine  blue  colour,  probably  owing  to  the  formation  of  protochloride 
of  the  metal ;  this  reaction  is  very  delicate,  and  characteristic  of 
ruthenium.  Metallic  zinc  also  reduces  the  yellow  sesquichloride 
to  the  blue  protochloride.  Formiate  or  oxalate  of  soda,  if  boiled 
with  salts  of  ruthenium,  renders  the  solution  colourless,  but  does 
not  occasion  any  precipitate  of  reduced  metal. 

§  VIII.  Osmium. 
Symbol,  Os;  Equivale7it,  99'4i. 

(841)  Osmium  may  be  obtained  in  the  metallic  condition  by 
several  processes.  One  of  the  simplest  consists  in  treating  osmic 
acid  (OsOJ  obtained  by  Fremy^s  method  (839)  with  hydro- 
chloric acid  and  metallic  mercury.  Calomel  is  thus  produced  by 
the  decomposition  of  the  suboxide  of  mercury,  which  is  formed  at 
the  expense  of  the  oxygen  contained  in  the  oxide  of  osmium  ; 
OSO4  +  8  Hg  +  4  HCl  =  0s  +  4  (HgaCl)  +4  HO.  The  water  and  the 
superfluous  acid  are  expelled  by  evaporation  to  dryness,  and  on 
heating  the  residue  in  a  small  porcelain  retort  the  excess  of 
mercury  and  calomel  are  driven  off,  leaving  pure  osmium  in  a  pul- 
verulent form.  In  this  finely  divided  state,  it  takes  fire  when 
heated  in  the  open  air,  and  is  dissolved  by  strong  nitric  acid,  or 
by  aqua  regia,  being  converted  into  osmic  acid.  After  ignition, 
however,  it  is  no  longer  soluble  in  the  acids,  and  is  neither  volatile 
nor  fusible.  The  specific  gravity  of  osmium  in  the  pulverulent 
form  is  about  10.  It  would  no  doubt  be  higher  if  it  could  be 
obtained  in  compact  masses.  The  specific  gravity  of  the  alloy  of 
osmium  and  iridium,  which  contains  nearly  half  its  weight  of 
osmium,  is  about  2 1 . 

Osmium  differs  remarkably  from  the  other  metals  of  this 
group,  and  presents  more  analogy  with  arsenic  and  antimony  than 
with  the  noble  metals. 

(842)  Five  oxides  of  osmium  are  known  ; — OsO,  OsgOg,  OsOa, 
OSO3,  OsO^.  The  protoxide  is  of  a  dark  green  colour,  it  is  soluble 
in  acids,  and  forms  green  salts.  The  sesquioxide  has  not  been 
isolated ;  it  forms  yellow  uncrystallizable  salts.  The  binoxide  is 
black.  The  teroxide  possesses  the  characters  of  a  weak  acid  ;  it 
cannot  be  isolated,  but  it  forms  a  crystalline  compound  with 
potash  (KO,  OSO3,  2  HO)  which  is  sparingly  soluble.  This  com- 
pound furnishes  a  good  source  of  pure  osmium.  It  is  easily 
obtained  by  the  addition  of  a  little  alcohol  to  a  solution  of  the  per- 
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oxide  of  osmium  in  potash  ;  the  osmite  separates  in  large  rose- 
coloured  octohedra_,  which  are  permanent  in  a  dry  air^  but  absorb 
oxygen  if  moist.  Osmic  acid,  OsO^,  is  the  volatile  compound 
which  is  produced  when  the  metal  is  heated  with  nitre,  or  when 
roasted  in  air;  it  forms  colourless,  acicular,  transparent,  flexible 
crystals  which  are  freely  soluble  in  water ;  its  vapour  is  irritating 
and  deleterious,  having  a  pungent  odour  somewhat  resembling  that 
of  chlorine:  hence  the  nameof  the  metal  osmium  (from  oo-^ir/,  'odour') : 
it  does  not  combine  with  acids ;  but  though  it  unites  with  the 
alkalies,  its  solution  does  not  redden  litmus.  It  produces  a  per- 
manent black  stain  upon  the  skin  when  touched,  and  gives  a  cha- 
racteristic blue  precipitate  when  its  solutions  are  mixed  with  tinc- 
ture of  galls.  If  the  solution  of  osmic  acid  be  mixed  with  muriate 
of  ammonia,  a  yellow  sparingly  soluble  salt  is  formed  (H4NCI, 
OSO2H2N),  which,  when  ignited  in  a  current  of  hydrogen,  leaves 
pure  osmium  (Fremy). 

If  the  aqueous  solution  of  osmic  acid  be  treated  with  sulphu- 
retted hydrogen,  an  immediate  precipitate  of  the  black  hydrated 
quadrisulphide  occurs,  which  is  slightly  soluble  in  solutions  of  the 
alkaline  sulphides.  Four  inferior  degrees  of  sulphuration  of 
osmium  also  exist;  they  correspond  in  composition  with  the 
oxides. 

(843)  There  are  4  chlorides  of  osmium,  OsCl,  OS2CI3,  OsClg, 
OsClg :  the  protochloride  is  green,  and  sublimes  in  green  needles  ; 
it  is  produced  by  heating  powdered  osmium  in  a  current  of 
chlorine ;  the  double  salts  which  it  forms  are  of  a  green  colour. 
The  bichloride  is  formed  in  the  same  way  as  the  protochloride,  by 
employing  an  excess  of  chlorine  ;  it  is  more  volatile,  and  condenses 
as  a  red,  crystalline,  fusible,  deliquescent  powder  :  both  this  and  the 
preceding  chloride  are  dissolved  by  water,  which  soon  decomposes 
them,  forming  osmic  and  hydrochloric  acids,  and  depositing  metallic 
osmium.  The  bichloride  forms,  with  chloride  of  potassium,  a 
beautiful  sparingly  soluble  red  salt,  which  dissolves  in  water  and  fur- 
nishes octohedral  crystals  (KCl,  OsCy  ;  this  salt  is  obtained  by 
heating  a  mixture  of  osmium  with  chloride  of  potassium  in  a  current 
of  chlorine :  it  is  isomorphous  with  the  corresponding  platinum 
salt.  Double  salts  may  also  be  formed  which  contain  both  a  ses- 
quichloride  and  a  ter chloride  of  osmium. 

A  compound  of  nitrogen,  oxygen,  and  osmium  (OsN,  OsOJ, 
was  formed  by  Fritsche  and  Struve.  It  may  be  obtained  by  acting 
upon  a  mixture  of  caustic  potash  and  ammonia  by  means  of  osmic 
acid  j  these  chemists  termed  it  osman-osmic  acid.     With  the  alka- 
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lies  it  forma  yellow  crystalline  compounds^  which  detonate  readily 
when  they  are  struck  or  suddenly  heated. 

The  properties  of  the  salts  of  osmium  have  been  but  incom- 
pletely ascertained. 

§  IX.    Iridium. 
Symbol,  Ir;  Equivalent j  98*56. 

(844)  Iridium  is  occasionally  found  native  and  nearly  pure  in 
considerable  masses  among  the  Uralian  ores  of  platinum,  but  it 
usually  occurs  combined  with  osmium  as  an  alloy  in  fiat  scales. 
Iridium  appears  to  be  dimorphous_,  as  it  is  found  crystallized  both 
in  cubes  and  in  double  6-sided  pyramids  (G.  Rose).  In  order  to 
obtain  the  metal  in  the  separate  state,  Wohler  recommends  the 
powdered  alloy  to  be  intimately  mixed  with  an  equal  weight  of  finely 
powdered  fused  chloride  of  sodium,  and  the  mixture  to  be  heated 
to  dull  redness  in  a  glass  tube  through  which  a  current  of  dry 
chlorine  is  transmitted  as  long  as  it  is  absorbed.  The  alloy  is 
decomposed  by  the  chlorine;  double  chlorides  of  iridium  and 
sodium,  and  of  osmium  and  sodium  are  thus  formed.  They  are 
dissolved  in  boiling  water,  and  are  thus  freed  from  the  insoluble 
portions.  The  solution  is  then  concentrated,  and  the  salt  so  obtained 
is  mixed  with  nitric  acid  and  distilled  ;  the  double  salt  of  osmium 
is  thus  decomposed,  and  osmic  acid  is  formed,  whilst  the  iridium 
salt  remains  in  the  liquid :  the  osmic  acid  being  volatile,  is  expelled 
daring  the  distillation  :  the  addition  of  muriate  of  ammonia  to  the 
concentrated  solution  in  the  retort  produces  a  precipitate  of  the 
double  chloride  of  iridium  and  ammonium,  which,  upon  ignition, 
yields  metallic  iridium.  The  metal,  however,  if  obtained  thus,  is 
liable  to  be  contaminated  with  ruthenium.  It  is  preferable  to 
adopt  Fremy^s  method  of  procuring  the  double  chloride  of  iridium 
and  potassium  (839).  This  salt  may  be  decomposed  by  ignition  in  a 
current  of  hydrogen  ;  the  chloride  of  potassium  may  be  removed 
by  washing  with  water,  when  the  iridium  is  left  in  the  form  of  a 
finely  divided  powder. 

Iridium  is  a  very  hard,  white,  brittle  metal,  which  is  infusible 
except  by  the  heat  of  the  voltaic  current.  If  heated  in  a  finely 
divided  form  in  the  open  air  it  absorbs  oxygen,  but  if  in  mass  it 
remains  unchanged  by  exposure  to  heat.  In  its  isolated  form  it  is 
unacted  on  by  any  of  the  acids  or  by  aqua  regia,  but  when  alloyed 
with  platinum  is  readily  dissolved  by  aqua  regia.      Pulverulent  iri- 
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dium,  -when  fused  with  nitre  or  with  the  alkalies,  becomes  oxidized, 
and  a  similar  effect  is  produced  by  heating  it  with  bisulphate  of 
potash.  Iridium  may  be  obtained  in  a  finely  divided  state  by  decom- 
posing a  solution  of  its  sulphate  by  alcohol.  It  forms  a  black 
powder,  which  possesses  properties  similar  to  those  of  platinum 
black  (823). 

(845)  Oxides  of  Iridium. — This  metal  forms  three  distinct 
combinations  with  oxygen,  IrO,  IrgOg,  and  IrOa ;  they  pass  readily 
one  into  the  other,  and  thus  give  the  variety  of  tints  which  solu- 
tions of  its  salts  assume.  From  these  changes  of  colour  the  name 
of  iridium,  derived  from  Iris,  the  rainbow,  was  conferred  on  the 
metal. 

The  protoxide  is  obtained  as  a  black  anhydrous  powder  by 
decomposing  the  dry  protochloride  by  means  of  a  concentrated 
solution  of  potash.  It  is  attacked  by  acids  with  difficulty,  but  is 
dissolved  by  the  alkalies ;  the  solution  in  potash  absorbs  oxygen 
from  the  air,  and  becomes  blue.  Its  solutions  in  the  acids  have  a 
dingy  green  colour. 

The  sesquioxide  is  the  compound  formed  when  iridium  is  fused 
with  potash  or  with  nitre,  or  by  heating  the  pulverulent  metal  in 
air.  It  is  a  bluish-black  powder,  which  is  decomposed  by  a  full 
red  heat,  and  is  readily  reduced  by  hydrogen  and  combustible 
substances.  This  anhydrous  oxide  is  soluble  in  acids.  If  a  solu- 
tion of  sesquichloride  of  iridium  be  boiled  with  solution  of  potash, 
oxygen  is  absorbed,  and  an  indigo  blue  precipitate  which  is  a  hydrate 
of  the  binoxide  of  iridium  (IrOg,  2  HO)  is  formed  (Clans).  It  may 
be  rendered  anhydrous  by  a  gentle  heat.  It  is  but  slowly  dissolved 
by  acids :  the  hydrochloric  solution  is  at  first  blue,  it  then 
becomes  green,  and  when  heated,  changes  to  reddish-brown,  whilst 
bichloride  of  iridium  is  formed. 

Three  sulphides  of  iridium  corresponding  to  the  oxides  may  be 
prepared  by  decomposing  the  chlorides  of  the  metal  by  means  of 
sulphuretted  hydrogen. 

Iridium,  like  palladium,  when  held  in  the  flame  of  a  spirit- 
lamp,  becomes  covered  with  carbonaceous  excrescences,  which  con- 
tain a  considerable  portion  of  metallic  iridium. 

(846)  Chlorides  of  Iridium. — These  correspond  in  number  and 
composition  with  the  oxides.  They  all  form  double  salts  with  the 
alkaline  chlorides.  The  sesquichloride  is  the  most  stable  of  the  three 
chlorides ;  it  forms  salts  with  chloride  of  sodium  and  with  chloride 
of  potassium.  If  dry  chlorine  be  transmitted  over  a  mixture  of 
finely  divided  iridium  and  chloride   of  potassium,  a  double  salt. 
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of  a  reddish-black  colour  (KCl^  Ii*Cl2),  consisting  of  bichloride  of 
iridium  and  potassium,  is  formed.  It  may  be  dissolved  in  boiling 
water,  and  is  deposited  in  octohedra  on  evaporating.  It  corre- 
sponds in  composition  to  the  platinum  salt,  with  which  it  is 
isomorphous.  A  similar  salt  of  sodium  may  be  formed  in  the 
same  manner,  by  substituting  chloride  of  sodium  for  chloride 
of  potassium  :  it  is  freely  soluble.  Bichloride  of  iridium  forms  a 
similar  salt  with  sal-ammoniac,  which  possesses  a  very  intense 
colouring  power,  and  produces  a  dull  brown  solution  even  when 
much  diluted.  Bichloride  of  iridium,  when  heated  with  ammonia, 
forms  a  series  of  compound  bases  analogous  to  those  furnished  by 
platinum.  M.  Claus  considers  that  the  compounds  formerly 
described  as  containing  teroxide  and  terchloride  of  iridium  were 
really  compounds  of  ruthenium. 

The  salts  of  iridium  have  been  but  incompletely  examined. 


CHAPTER  XVIII. 

ON    SOME    CIRCUMSTANCES    WHICH    MODIFY    THE    OPERATIONS    OF 
CHEMICAL    AFFINITY. 

(847)  In  the  first  part  of  this  work  an  outline  was  given  of 
the  leading  characters  of  the  most  important  varieties  of  mole- 
cular and  polar  forces,  as  viewed  in  their  simplest  conditions.  In 
the  second  portion  of  the  work  the  attention  of  the  reader  has 
hitherto  been  directed  principally  to  the  results  produced  by  the 
exertion  of  chemical  affinity  in  the  formation  of  the  various  com- 
pounds of  inorganic  origin,  without  reference  to  the  effects  of  other 
forces  which  may  have  concurred  in  their  production.  It  will, 
however,  now  be  advisable  to  trace  the  influence  exerted  upon  the 
operation  of  chemical  affinity  by  the  co-operation  or  antagonism 
of  elasticity  and  cohesion,  of  adhesion,  and  of  light,  heat,  and 
electricity.  Cases  in  which  the  chemical  decomposition  of  one 
substance  by  another  is  due  simply  to  differences  in  the  degree 
of  chemical  affinity  are  much  less  numerous  than  might  at  first  be 
imagined.  The  displacement  of  one  metal  by  another  from  its 
solutions,  such  as  that  of  silver  by  mercury,  of  mercury  by  copper, 
of  copper  by  lead,  and  of  lead  by  zinc  (7,  5),  furnishes  some  of  the 
best  examples  of  this  kind  ;  and  similar  instances  are  afforded  by  the 
displacement  of  one  base  by  another  insoluble  base ;  as  when  oxide 


1080  INFLUENCE    OF    COHESION    UPON    AFFINITY. 

of  copper  is  displaced  from  its  combination  with  nitric  acid  by 
boiling  it  with  freshly  precipitated  oxide  of  zinc,  or  oxide  of 
silver. 

§    I.    INFLUENCE    OF    COHESION,    ADHESION,    AND    ELASTICITY. 

(848)  Influence  of  Cohesion  upon  Affinity. — Since  chemical 
affinity  is  a  molecular  force,  which  is  exerted  only  when  the  par- 
ticles of  bodies  are  within  distances  indefinitely  small,  minute  sub- 
division, and  diminution  of  cohesion,  might  be  expected  to  favour 
its  manifestation,  by  increasing  the  surfaces,  and  facilitating  the 
mutual  contact,  of  the  combining  bodies.  It  will  therefore  be 
needless  to  give  more  than  one  or  two  instances  in  proof  of  this 
point.  Iron,  copper,  lead,  and  many  other  metals,  when  exposed 
to  the  atmosphere  in  mass,  are  acted  upon  very  slowly  by  it,  and 
they  gradually  become  converted  into  oxide  upon  the  surface  :  if, 
however,  they  be  reduced  to  a  finely  divided  state,  they  are  oxi- 
dized with  such  rapidity  as  often  to  become  incandescent.  If  iron, 
cobalt,  or  nickel  be  reduced  by  hydrogen  from  its  oxide,  at  a  low 
red  heat,  it  is  obtained  in  this  form  :  by  the  interposition  of  some 
infusible  matter  between  the  particles  of  the  precipitated  oxide, 
such,  for  example,  as  a  little  alumina  or  magnesia,  the  tendency 
to  rapid  oxidation  is  much  increased ;  probably  because  the  cohe- 
sion of  the  fine  particles  of  reduced  metal  is  mechanically  prevented, 
and  the  access  of  the  air  to  each  portion  takes  place  with  facility. 
Copper,  when  precipitated  from  its  solutions  by  metallic  iron,  or 
when  reduced  by  means  of  hydrogen  from  its  oxide,  at  a  low  tem- 
perature, often  takes  fire  and  glows  like  tinder,  when  only  a  very 
slight  elevation  of  temperature  is  applied  to  it.  If  a  portion  of  tar- 
trate of  lead  be  exposed  in  a  glass  tube  to  a  heat  sufficient  to 
char  the  acid,  the  metallic  lead  is  reduced  throughout  the  mass  in 
a  state  of  extreme  division,  and  when  poured  into  the  air  it 
generally  takes  fire,  and  burns  with  scintillations. 

The  opposite  influence,  exercised  by  the  force  of  cohesion,  is 
seen  on  contrasting  the  facility  with  which  disintegrated  carbon 
burns  in  the  shape  of  tinder,  with  the  difficulty  which  is  experi- 
enced in  effecting  the  combustion  of  the  compact  coke,  which  is 
deposited  from  coal  gas  upon  the  interior  of  the  iron  retorts ;  and 
a  decrease  of  combustibility  may  be  traced  through  all  the  different 
forms  of  carbon,  in  proportion  as  their  hardness  and  density 
increase. 

(849)  Influence  of  Adhesion  and  Solution  on  Affinity. — It  is 
mainly  to  the  intimate  subdivision   effected  by  means  of  solution, 
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that  its  important  influence  in  facilitating  chemical  combination 
is  due.  The  force  of  cohesion  amongst  the  component  particles 
of  the  bodies  dissolved  is  balanced  by  their  adhesion  to  those  of 
the  liquid,  and  the  particles  of  the  substance  in  solution  being  free 
to  move  in  any  direction,  easily  obey  the  force  of  affinity. 

The  important  influence  of  cohesion  in  preventing  chemical 
action,  and  the  manner  in  which  the  force  of  adhesion,  as  displayed 
in  the  production  of  solution,  may  act  in  favouring  chemical  action, 
are  well  exemplified  by  the  action  of  nitric  acid  upon  carbonate  of 
baryta.  Nitrate  of  baryta,  although  soluble  in  water  and  dilute 
nitric  acid,  is  not  soluble  in  the  concentrated  acid ;  when,  there- 
fore, concentrated  nitric  acid  is  poured  upon  finely  powdered  car- 
bonate of  baryta,  it  occasions  but  a  slight  eflervescence,  which 
speedily  comes  to  an  end,  although  the  acid  may  be  in  large  excess. 
If  the  liquid  be  diluted  with  a  small  quantity  of  water,  a  brisk 
effervescence  is  temporarily  renewed,  but  again  soon  ceases;  on  a 
further  addition  of  water,  a  fresh  effervescence  occurs,  and  when 
the  acid  has  been  diluted  with  8  or  lo  times  its  bulk  of  water,  the 
whole  of  the  carbonate  of  baryta  is  decomposed  and  dissolved. 

For  a  similar  reason,  alcoholic  solutions  of  acids  are  without 
action  on  the  carbonates,  unless  the  resulting  salt  be  soluble  in 
alcohol.  A  mixture  of  tartaric  acid  and  alcohol  will  not  decom- 
pose the  carbonate  of  potash.  Hydrochloric  acid,  dissolved  in 
alcohol  will  not  decompose  carbonate  of  potash,  but  will  decom- 
pose carbonate  of  lime.  An  alcoholic  solution  of  nitric  acid 
decomposes  carbonate  of  lime,  but  not  carbonate  of  potash.  The 
tartrates  are  insoluble  in  alcohol,  so  are  chloride  of  potassium  and 
nitrate  of  potash,  but  chloride  of  calcium  and  nitrate  of  lime  are 
solved  by  alcohol  freely. 

(850)  Influence  of  Elasticity. — In  the  numerous  instances  in 
which  two  salts  mutually  decompose  each  other,  frequent  examples 
are  afforded  of  the  results  produced  by  the  interference  of  other 
forces  with  that  of  chemical  affinity.  The  action  of  sulphate  of 
ammonia  and  carbonate  of  lime  is  a  case  in  point.  If  these  two 
salts  be  mixed  in  a  dry  state,  at  ordinary  temperatures,  they  do  not 
appear  to  act  upon  each  other ;  but  if  subjected  to  the  influence 
of  a  gentle  heat,  a  double  decomposition  occurs,  carbonate  of 
ammonia  and  sulphate  of  lime  are  produced ;  the  volatile  carbonate 
of  ammonia  is  expelled,  and  by  the  aid  of  the  force  of  elasticity, 
it  is  removed  from  the  mixture ;  CaO,  COg  +  HtNO,  SO3  yielding 
H4NO,  COg  +  CaO,  SO3.  But  suppose  a  solution  of  sulphate  of 
lime  to  be  mixed  with  one  of  carbonate  of  ammonia,  the  eff'ects  are 
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exactly  reversed ;  carbonate  of  lime^  owing  to  its  insolubility  and 
the  predominance  of  cohesion  among  its  particles,  is  precipitated, 
whilst  the  soluble  sulphate  of  ammonia  remains  in  the  liquid;  and 
now  H4NO,  COa  +  CaO,  SO3  become  CaO,  COa  +  H^NO.SOa.  The 
chemist  very  often  avails  himself  of  the  influence  of  elasticity  in 
promoting  chemical  decomposition.  When,  for  example,  an  acid 
is  added  to  a  salt,  it  may  decompose  that  salt,  and  take  the  place  of 
the  acid  previously  in  combination  with  the  base,  provided  that  the 
original  acid  can  assume  the  gaseous  form  at  ordinary  tempera- 
tm-es,  or  can  be  converted  into  vapour,  at  a  temperature  below 
that  required  to  volatilize  the  acid  employed  to  displace  it.  Car- 
bonic acid  may  thus  be  displaced  from  the  carbonates  by  solutions 
of  all  the  ordinary  mineral  and  vegetable  acids,  except  the  hydro- 
cyanic and  hydrosulphuric  acid. 

It  is  upon  this  principle  that  sulphuric  acid,  when  aided  by  heat, 
is  employed  to  displace  the  nitric,  the  hydrochloric,  the  acetic, 
the  formic,  the  butyric,  and  other  volatile  acids  from  their  salts 
by  distillation.  Even  a  feebler  but  more  fixed  acid  may  expel  the 
stronger  acids  which  are  more  volatile  than  itself;  thus,  oxalic 
acid,  if  boiled  with  solutions  of  the  chlorides,  expels  hydrochloric 
acid  from  the  liquid  with  facility. 

A  remarkable  illustration  of  the  important  influence  exerted  by 
elasticity  in  counteracting  powerful  chemical  affinities,  is  afforded 
in  the  decomposition  of  the  sulphates  themselves,  by  weaker  acids 
at  a  high  temperature  : — for  example,  the  affinity  of  sulphuric  acid 
for  bases  is  of  the  most  energetic  kind,  whilst  that  of  boracic  acid, 
on  the  contrary,  is  extremely  feeble  :  if  a  solution  of  borax  be 
mixed  with  sulphuric  acid,  the  soda  of  the  salt  will  enter  into  com- 
bination with  the  sulphuric  acid  as  it  is  added,  and  will  gradually 
be  separated  from  the  boracic  acid,  which,  if  the  liquid  be  hot  and 
not  too  concentrated,  is  retained  in  solution.  Owing  to  the  peculiar 
action  of  boracic  acid  on  blue  litmus,  it  can  be  shown  that  the  two 
acids  do  not  divide  the  soda  between  them,  for  if  a  piece  of  blue 
litmus  paper  be  placed  in  the  liquid,  it  will  exhibit  the  peculiar 
wine-red  tint  due  to  boracic  acid,  until  a  quantity  of  sulphuric  acid 
exactly  equivalent  to  the  soda  contained  in  the  borax  has  been 
added ;  but  the  moment  that  this  point  is  reached,  the  least  excess 
of  sulphuric  acid  immediately  reveals  itself  by  the  change  of  the 
colour  of  the  litmus  from  dusky  purplish-red  to  a  bright  red.  It 
is  therefore  quite  clear  that  boracic  acid  cannot  eff'ect  even  a  par- 
tial displacement  of  sulphuric  acid  from  its  combination  with  soda 
when  the  two  are  in  solution.     But  it  is  otherwise  at  a  red  heat : 
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if  boracic  acid  be  fused  with  sulphate  of  soda,  borax  is  produced, 
and  sulphuric  acid,  which  is  volatile  at  this  high  temperature,  is 
expelled  in  the  elastic  form.  Other  acids  which  are  known  to 
have  a  feebler  affinity  for  bases  than  sulphuric  acid,  but  which 
support  a  red  heat  without  experiencing  volatilization,  such  as  the 
phosphoric  and  silicic  acids,  are  able  to  decompose  the  sulphates 
when  heated  with  them. 

In  like  manner  when  a  base  which  is  fixed,  is  heated  with 
the  salt  of  a  volatile  base,  the  volatile  base  is  displaced  by  the 
more  fixed  one ;  thus  quick  lime,  or  potash,  if  heated  with  the 
salts  of  ammonia,  is  converted  into  a  salt  of  lime  or  of  potash, 
whilst  the  ammonia  escapes  in  the  gaseous  state. 

(851)  The  effect  of  elasticity  in  removing  from  the  sphere  of 
action  one  of  the  components  of  a  body  which  is  undergoing 
decomposition,  may  in  some  cases  be  considerably  assisted  by 
mechanical  means ;  and  when  the  affinities  of  the  displacing  body, 
and  of  the  substance  displaced  by  it  for  the  other  constituent  of 
the  compound,  are  nearly  equal,  effects  which  are  in  apparent  oppo- 
sition to  each  other  may  sometimes  be  produced.  For  instance, 
oxide  of  iron,  when  heated  to  redness  in  a  current  of  hj^drogen 
gas,  is  gradually  reduced  to  the  metallic  state ; — the  steps  of  the 
process  appear  to  be  these :  a  small  quantity  of  water  is  formed ; 
it  immediately  diff'uses  itself  in  vapour  into  the  hydrogen,  and  is 
mechanically  carried  away  by  the  current  of  this  gas,  which  must 
be  employed  in  considerable  excess  for  this  purpose;  and  this 
process  goes  on  until  the  reduction  is  complete.  On  the  other 
hand,  if  metallic  iron  be  heated  in  a  current  of  steam,  water  is 
decomposed,  hydrogen  is  liberated,  and  is  carried  beyond  the 
reach  of  chemical  action  upon  the  iron  by  the  excess  of  the  steam 
employed.  In  a  similar  manner,  if  a  current  of  sulphuretted 
hydrogen  be  transmitted  in  large  excess  over  solid  bicarbonate  of 
potash,  aided  by  a  gentle  heat,  the  whole  of  the  carbonic  acid  and 
-water  will  be  displaced  from  the  bicarbonate,  and  carried  forward 
by  the  excess  of  the  gas,  whilst  sulphide  of  potassium  will  be 
formed.  But  sulphide  of  potassium,  if  dissolved  in  w^ater,  and 
subjected  to  a  current  of  carbonic  acid,  will,  in  its  turn,  be  gra- 
dually but  completely  decomposed;  the  sulphuretted  hydrogen 
being  carried  away  by  the  excess  of  carbonic  acid,  whilst  bicar- 
bonate of  potash  is  formed  in  the  liquid. 

(852)  If  elasticity  be  prevented  by  mechanical  means  from 
exerting  its  influence  in  removing  a  body  from  contact  with  others 
for  which  it  has  an  affinity,  combinations  may  be  obtained,  which 
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cannot  otherwise  be  procured.  Wohler  (Liebig^s  Annalen,  Ixxxv. 
376)  found  that  a  hydrate  of  sulphuretted  hydrogen  may  be 
obtained  in  colourless  crystals,  if  a  portion  of  persulphide  of 
hydrogen^  freed  from  acid,  be  sealed  up  in  a  strong  glass  tube, 
with  a  small  quantity  of  water ;  the  persulphide  gradually  under- 
goes decomposition  into  crystallized  sulphur  and  gaseous  sul- 
phuretted hydrogen,  which,  at  ordinary  temperatures,  exerts  a 
pressure  of  about  17  atmospheres.  Under  these  circumstances  it 
combines  with  water,  and  forms  a  crystalline  solid,  which  disap- 
pears with  effervescence  when  the  tube  is  heated  to  86°,  but  is 
reproduced  on  cooling.  If  a  tube,  containing  crystals  of  this  com- 
pound, be  opened,  the  crystals  immediately  disappear  with  brisk 
effervescence.  In  other  cases,  the  decomposition  of  compounds 
already  formed  may  be  retarded  or  prevented,  by  preventing  the 
escape  of  the  elastic  constituent  by  mechanical  means.  Hydrate 
of  chlorine  offers  an  instance  of  this  kind.  Under  ordinary 
circumstances,  this  substance  becomes  liquid  at  a  few  degrees 
above  the  freezing  point  of  water,  with  escape  of  gaseous  chlorine ; 
but  if  the  solid  hydrate  be  sealed  up  in  a  glass  tube  it  remains 
solid  even  w^hen  the  temperature  rises  as  high  as  70° ;  the  pressure 
of  chlorine  within  the  tube  retarding  the  decomposition.  Again, 
carbonate  of  lime  is  decomposed  in  an  open  fire,  at  a  red  heat,  into 
carbonic  acid  and  quick  lime,  but  if  it  be  enclosed  in  an  iron  tube, 
the  mouth  of  which  is  plugged  to  prevent  the  escape  of  the  acid, 
the  carbonate  may  be  melted,  and  on  cooling  it  furnishes  a 
granular  mass,  which  is  still  carbonate  of  lime,  and  has  the 
appearance  of  marble. 

(853)  Action  of  Acids  on  Salts  in  Solution. — Whenever  an  acid 
is  added  to  a  salt  with  the  base  of  which  it  is  capable  of  forming  a 
soluble  compound,  it  may  be  supposed  to  produce  a  division  of  the 
base  between  itself  and  the  acid  with  which  it  was  previously 
united,  so  that  two  acids  and  two  salts  may  be  present  in  the 
liquid,  in  some  unknown  proportions  depending  upon  the  strength 
of  the  relative  affinities  of  the  base  for  the  two  acids  : — thus,  when 
nitrate  of  potash  is  mixed  with  sulphuric  acid,  part  of  the  potash 
may  be  supposed  to  enter  into  combination  with  the  sulphuric 
acid,  and  part  to  remain  united  with  the  nitric  acid,  while  a 
portion  of  nitric  acid  will  be  liberated,  and  will  mix  with  the 
uncombined  sulphuric  acid:  thus,  2 (HO,  803)  + 2 (KO,  NO5)  = 
KO,  NO5  +  KO,  SO3  +  HO,  NO5  +  HO,  SO3.  The  occurrence  of 
such  a  decomposition  as  this,  although  probable,  in  many  cases 
does  not  admit  of  direct  proof.      If  an  additional   force  be  called 
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into  operation^  sucli  as  tlie  development  of  elasticity  on  the  appli- 
cation of  heat,  the  more  volatile  acid  may  be  expelled  in  the  form 
of  vapour,  and  may  thus  be  withdrawn  from  the  sphere  of  action. 
This,  however,  is  no  proof  that  such  a  partition  of  the  base  actually 
existed  previous  to  the  application  of  heat.  In  cases  where  the 
affinity  of  one  acid  for  the  base  is  very  strong,  whilst  that  of  the 
other  is  feeble,  the  stronger  acid  may  (as  in  the  case  of  sulphuric 
acid  and  borax  already  cited)  entirely  appropriate  the  base  to  itself. 
But  where  the  two  acids  at  all  approach  each  other  in  chemical 
power,  it  must  be  assumed  that  a  division  of  the  base  takes  place. 
Sometimes  the  occurrence  of  such  a  partition  can  be  proved  by 
the  change  of  colour  which  ensues  after  the  mixture  has  been 
effected.  Sulphate  of  copper,  for  example,  is  of  a  blue  colour 
when  in  solution,  and  chloride  of  copper  is  green.  If  a  solution 
of  the  blue  sulphate  be  mixed  with  hydrochloric  acid,  it  is  evident 
that  the  oxide  of  copper  enters  partially  into  combination  with  the 
hydrochloric  acid,  since  the  solution  assumes  a  bright  green 
tint;  2(CuO,S03)  +  2  HCl=CuO,S03  +  CuCl  +  HO,S03  +  HCl. 

If  the  base  form  an  insoluble  compound  with  the  newly  added 
acid,  it  is  possible  to  decompose  the  original  salt  completely  by 
its  means.  Thus,  if  a  solution  of  nitrate  or  of  acetate  of  baryta 
be  mixed  with  sulphuric  acid,  it  may  be  supposed  that  the  baryta 
divides  itself  between  the  two  acids  in  proportion  to  its  affinity  for 
each  ;  but  the  sulphate  of  baryta  being  insoluble,  is  at  once  with- 
drawn from  the  mixture,  and  the  baryta  remaining  in  the  original 
salt  again  divides  itself  between  the  two  acids :  the  fresh  portion 
of  sulphate  of  baryta,  however,  is  immediately  precipitated ;  and  so, 
by  a  series  of  steps  which,  where  the  affinities  are  strong,  succeed 
each  other  far  more  rapidly  than  they  can  be  described, — the 
whole  of  the  baryta  is  separated  in  the  form  of  an  insoluble  sul- 
phate, leaving  the  nitric  or  the  acetic  acid  free  in  the  solution. 

A  very  feeble  acid  may  even  displace  a  more  powerful  one 
when  the  compound  which  it  forms  is  insoluble  in  the  menstruum 
in  which  it  is  suspended.  Hydrocyanic  acid  will  separate  nitric 
acid  from  oxide  of  silver,  owing  to  the  formation  of  the  insoluble 
cyanide  of  silver;  AgO,  N05  4-HCy  =  HO,  NO^  +  AgCy.  Tartaric 
acid  will  liberate  sulphuric  acid  in  a  solution  of  sulphate  of  silver, 
owing  to  the  formation  of  an  insoluble  tartrate  of  silver.  Oxalic 
acid  will  precipitate  oxalate  of  copper  from  a  solution  of  chloride 
of  copper  ;  and  Pelouze  has  observed  that,  if  a  current  of  carbonic 
acid  be  transmitted  through  a  solution  of  acetate  of  potash  dis- 
solved in  alcohol,  acetic  acid  will  be  liberated,  and   carbonate  of 
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potash^  which  is  insoluble  in  alcohol_,  will  be  separated ;  but  no 
such  change  occurs  in  its  aqueous  solution,  since  carbonate  of  potash 
is  freely  soluble  in  water.  This  rule,  however,  is  not  without 
exception,  where  one  acid  is  very  powerful  and  the  other  is  very 
feeble ;  borate  of  lime,  for  instance,  is  an  insoluble  salt,  but  a  solu- 
tion of  boracic  acid  will  not  occasion  any  precipitate  if  mixed  with 
one  of  nitrate  of  lime. 

In  like  manner  if  the  acid  originally  present  be  insoluble  in 
water,  it  will  be  separated,  and  the  salt  will  be  decomposed ;  thus, 
on  the  addition  of  nitric  acid  to  a  solution  of  tungstate  of  potash, 
the  tungstic  acid  is  precipitated,  whilst  nitrate  of  potash  is  retained 
in  the  solution;  KO,  WO3  +  HO,  N05  =  K0,  NO5  +  HO,  WO3. 

(854)  Action  of  Bases  on  Salts  in  Solution. — An  analogous 
decomposition  occurs  if  a  quantity  of  some  additional  base  be 
added  to  a  saline  solution.  If  the  two  bases  be  soluble,  and  the 
salts  which  they  form  be  also  soluble,  the  solution  will  remain 
clear,  and  it  may  be  supposed  that  the  acid  is  divided  between  the 
two  bases  in  proportion  to  its  affinity  for  each,  as  when  a  solution 
of  nitrate  of  baryta  is  mixed  with  a  solution  of  potash  :  a  mixture 
of  nitrate  of  baryta  and  nitrate  of  potash  with  free  baryta  and 
free  potash  is  thus  obtained ;  but  as  baryta  is  less  soluble  than 
potash,  a  portion  of  the  baryta  will  gradually  be  deposited  if  the 
solutions  be  in  a  concentrated  form.  If  either  of  the  bases 
be  insoluble,  or  form  an  insoluble  salt  with  the  acid,  a  complete 
separation  of  the  base  or  of  the  acid  contained  in  the  original  salt 
may  be  effected.  For  example,  the  salts  of  nearly  all  the  metals, 
with  the  exception  of  those  of  the  alkalies  and  of  the  alkaline 
earths,  contain  as  bases  metallic  oxides  which  are  not  soluble  in 
water :  the  addition  of  any  soluble  base,  such  as  potash,  soda,  or 
ammonia  to  their  solutions,  immediately  occasions  the  precipita- 
tion of  the  insoluble  oxide.  It  is  in  this  manner  that  such  oxides 
are  commonly  prepared  from  their  solutions  :  for  example,  the 
oxide  of  zinc,  of  iron,  of  cobalt,  of  nickel,  of  manganese,  or  of 
silver  is  thus  completely  separated  from  the  acid  by  which  it 
was  previously  held  in  solution;  thus,  CoO,  SO3  +  KO,  H0  = 
CoO,  HO  +  KO,  SO3.  Solution  of  baryta,  of  strontia,  or  of  lime, 
would  act  in  a  similar  manner,  if  the  acid,  like  the  nitric  or  the 
hydrochloric,  were  capable  of  forming  a  soluble  compound  with 
these  bases.  Nitrate  of  copper  might  thus  be  decomposed  by  a 
solution  of  baryta ;  CuO,  NO5  +  BaO,  HO  =  BaO,  NO5  +  CuO,  HO. 

In  a  few  cases  no  precipitation  occurs  even  though  the  oxide 
be    insoluble ;    thus,   when    cyanide  of   mercury  is  mixed   with 


MUTUAL    ACTION    OF    SALTS    IN    SOLUTION.  1087 

a  solution  of  potash^  no  precipitate  is  produced,  although  oxide  of 
mercury  is  insoluble  in  water. 

If  the  newly  added  base  form  an  insoluble  compound  with  the 
acid,  it  is  wholly  precipitated  by  it ;  and  if  the  other  base  be  so- 
luble,, it  remains  in  the  liquid.  One  of  the  methods  of  forming  a 
pure  solution  of  potash  is  founded  on  this  principle;  in  this  experi- 
ment a  solution  of  sulphate  of  potash  is  mixed  with  a  quantity  of 
solution  of  baryta  exactly  sufficient  to  precipitate  the  whole  of  the 
sulphuric  acid ;  KO,  SOg  +  BaO,  HO  =  KO,  HO  +  BaO,  SO3:  and 
in  a  similar  manner  oxalate  of  potash  is  deprived  of  its  oxalic  acid 
by  the  addition  of  lime-water  to  its  solution,  owing  to  the  formation 
of  an  insoluble  oxalate  of  lime.  If  the  base  as  well  as  the  salt 
which  is  formed  by  the  addition  of  the  new  base  to  the  acid  be 
insoluble,  it  is  possible  to  precipitate  the  whole  of  both  acid  and 
base  from  the  liquid  simultaneously  ;  as  when  a  solution  of  baryta 
is  added  in  regulated  quantities  to  a  solution  of  sulphate  of  silver ; 
AgO,  S03  +  BaO,  HO=AgO,  HO  +  BaO,  SO3. 

(855)  Mutual  Action  of  Salts  in  Solution. — It  is  a  rule  almost 
without  exception,*  that  when  solutions  of  tivo  salts,  capable  of 
forming  by  mutual  interchange  of  acids  and  bases  an  insoluble 
or  sparingly  soluble  salt,  are  mixed,  the  salts  decompose  each  other, 
and  the  compound  ivhich  is  least  soluble  is  precipitated.  It  is  in 
this  manner  that  the  greater  number  of  insoluble  compounds  are 
formed  by  the  process  of  double  decomposition.  Chloride  of  silver 
is  thus  obtained  by  acting  upon  solution  of  nitrate  of  silver  with 
one  of  common  salt;  AgO,  N05  +  NaCl  =  NaO,  NO5  + AgCl :  and 
in  a  similar  manner,  if  carbonate  of  manganese  or  phosphate  of 
copper  be  required,  it  may  be  procured  by  mixing  a  solution  of 
chloride  of  manganese  or  of  sulphate  of  copper  with  one  of 
carbonate  of  potash  or  of  phosphate  of  soda.  Sometimes  a  soluble 
compound  may  advantageously  be  procured  in  this  manner,  as  in 
the  ordinary  method  of  preparing  acetate  of  alumina,  in  which  a 
solution  of  acetate  of  lead  is  mixed  with  one  of  sulphate  of  alumina  : 
sulphate  of  lead  is  precipitated,  and  acetate  of  alumina  remains 
dissolved;  3(PbO,  C4H3O3)  +  AI2O3,  3  S03=3(PbO,  803)+ Al^. 
3(C.H303). 

When  two  saline  solutions  are  mixed,  which  form,  by  the 
mutual  interchange  of  their  acids  and  bases,  salts  which  are  also 

*  When  solution  of  cyanide  of  mercury  is  mixed  with  one  of  nitrate  of 
silver  little  or  no  precipitate  is  produced,  although  cyanide  of  silver  is  a  very 
insoluble  compound,  and  cyanide  of  mercury  has  not  the  power  of  forming  a 
soluble  double  cyanide  with  it. 
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freely  soluble,  in  ordinary  cases  there  is  no  proof  tliat  any  change 
occurs,  but  it  is  usually  supposed  that  a  mixture  of  four  diflerent 
salts  is  produced.  When,  for  instance,  solutions  of  sulphate  of 
potash  and  nitrate  of  soda  are  mingled,  it  is  imagined  that  a  mix- 
ture of  sulphate  of  potash  and  sulphate  of  soda,  of  nitrate  of  potash 
and  nitrate  of  soda,  in  unknown  proportion,  dependent  upon  the 
balance  of  the  mutual  affinities  of  the  acids  and  bases,  is  the  result. 
In  like  manner  the  mixture  of  three  different  acids  and  three  dif- 
ferent bases  would  occasion  the  formation  of  nine  different  salts ; 
and  the  mixture  of  four  salts,  each  containing  different  acids  and 
different  bases,  should  produce  sixteen  different  salts,  provided  that 
all  are  capable  of  coexisting  in  solution. 

Hence  it  will  be  seen  that  it  is  impossible  to  state  with  cer- 
tainty what  are  the  salts  which  are  present  in  mixture  in  any 
solution  which  contains  a  number  of  saline  compounds.  In  the 
analysis  of  a  mineral  water,  for  example,  it  is  possible  to  determine 
the  amount  of  each  acid  and  of  each  base  which  is  present,  but 
it  is  not  possible  to  say  what  the  salts  really  were  which  were 
brought  into  solution  to  form  the  mineral  water  in  question.  Sul- 
phuric acid,  nitric  acid,  carbonic  acid,  and  chlorine  may  have  been 
present  amongst  the  acid  constituents,  and  potash,  soda,  lime,  and 
magnesia  amongst  the  bases  :  but  it  is  impossible  to  say  how  all 
those  acids  and  bases  are  distributed  in  the  solution.  Many 
chemists  allot  the  bases  to  the  acids  in  the  order  of  the  insolubility 
of  the  different  salts,  whilst  others  allot  the  strongest  bases  to  the 
strongest  acids.  In  reporting  the  results  of  analysis,  however,  the 
quantities  of  the  separate  acids  and  bases  should  invariably  be 
given,  in  addition  to  which,  the  analyst,  if  he  pleases,  can  allot 
them  according  to  his  fancy.  The  foregoing  remarks  may  be 
illustrated  by  the  curious  alternate  decompositions  which  differ- 
ences of  solubility  at  different  temperatures  sometimes  bring  about ; 
a  striking  instance  of  this  kind  occurs  in  the  case  of  a  mixture 
containing  both  sulphate  of  magnesia  and  common  salt.  These 
salts  occur  mixed  together  on  a  large  scale  in  the  mother  liquor 
of  sea-water,  after  the  bay-salt  has  been  separated.  Four  salts 
may  be  formed  by  the  intermixture  of  these  two  compounds,  viz., 
sulphate  of  magnesia,  sulphate  of  soda,  chloride  of  magnesium,  and 
chloride  of  sodium.  Of  these  four  salts  chloride  of  sodium  is  the 
least  soluble  at  the  boihng  point ;  if,  therefore,  the  solution  be 
concentrated  by  ebullition,  chloride  of  sodium  is  separated  in 
crystals  ;  and  as  the  liquid  cools,  the  sulphate  of  magnesia  crys- 
tallizes out.     The  effect,  however,  will  be  different  if  the  solution 
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be  allowed  to  evaporate  spontaneously  in  the  open  air;  at  low 
temperatures  the  sulphate  of  soda  is  the  least  soluble  of  the  four 
salts ;  and  at  low  temperatures  it  is  the  sulphate  of  soda  which 
separates  in  crystals  from  the  liquid^  whilst  the  readily  soluble 
chloride  of  magnesium  remains  in  solution. 

Upon  a  similar  principle  nitrate  of  soda  is  converted  on  a  large 
scale  into  nitrate  of  potash,  by  mixing  it  with  chloride  of  potas- 
sium ;  on  concentrating  the  solution  by  boiling  it,  chloride  of 
sodium  is  separated  in  crystals,  and  nitrate  of  potash  crystallizes 
out  as  the  liquid  cools :  at  low  temperatures  chloride  of  sodium  is 
more  soluble  than  nitrate  of  potash,  and  the  nitre  crystallizes  out 
nearly  in  a  state  of  purity. 

It  may,  in  fact,  be  stated  as  a  general  principle,  that  on  con- 
centrating a  mixed  solution  by  evaporation,  the  salt  which  is  least 
soluble  at  that  particular  temperature  is  that  which  is  first  formed. 

In  certain  cases  where  there  is  no  great  difference  in  the  solu- 
bility of  two  salts,  evidence  is  afforded  of  their  mutual  decomposi- 
tion when  the  solutions  are  mixed,  by  the  change  of  colour  which 
then  ensues.  Sulphocyanide  of  potassium,  for  example,  when 
mixed  with  a  solution  of  perchloride  of  iron,  so  much  diluted  as  to 
be  colourless,  indicates  by  the  blood-red  solution  which  it  forms, 
that  a  mutual  interchange  of  the  components  of  the  two  salts  has 
been  partially  effected.  In  like  manner,  when  a  solution  of  proto- 
sulphate  of  iron  is  mixed  with  one  of  acetate  of  soda,  a  brown 
colour,  similar  to  that  of  the  acetate  of  iron,  is  produced;  and 
farther,  on  transmitting  a  current  of  sulphuretted  hydrogen  through 
the  liquid,  the  iron  is  precipitated  in  the  form  of  a  black  sulphide. 
This  reaction  could  only  take  place,  owing  to  the  presence  of 
acetate  of  iron,  since  a  solution  of  acetate  of  iron  admits  of  being 
thus  decomposed  by  sulphuretted  hydrogen,  but  one  of  sulphate 
of  iron  is  not  so  acted  upon.  The  entire  quantity  of  iron  may  be 
separated  in  this  manner,  as  no  sooner  is  a  certain  proportion  of 
iron  rendered  insoluble,  than  a  fresh  portion  of  acetate  of  iron  is 
formed;  and  this  formation  and  decomposition  of  the  salt  continues 
as  long  as  any  iron  remains  in  a  state  of  solution. 

(856)  Influence  of  Mass  in  the  Formation  of  Chemical  Com- 
pounds.— A  curious  question  presents  itself  as  to  the  proportion  in 
which  two  bodies  are  capable  of  thus  mutually  decomposing  each 
other  on  mixture.  When,  for  example,  three  different  bodies,  a,  b, 
and  c,  are  mixed  together,  one  of  which,  c,  is  capable  of  combining 
with  either  of  the  other  two,  and  forming  with  them  compounds,  a  c, 
B  c,  which  in  both  cases  are  soluble,  the  quantity  of  a  and  of  b  being 
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considerably  in  excess  of  c_,  will  the  proportion  in  wliicli  c  enters 
into  combination  with  a  and  b_,  be  determined  merely  by  the  strength 
of  their  relative  affinities  ?  or^  will  the  proportion  in  which  each  of 
these  bodies  is  present,  also  influence  the  result  ?  It  was  argued 
by  Berthollet,  that  not  only  would  c  be  divided  between  a  and  b, 
but  that  in  proportion  as  the  quantity  of  one  of  these  bodies  a, 
preponderated  over  the  other  body  b,  the  proportion  of  a  c  in  the 
mixture  would  be  increased,  while  of  course  that  of  b  c  would  be 
diminished.  If,  on  the  other  hand,  the  proportion  of  b  were 
increased,  the  quantity  of  the  compound  b  c  would  be  augmented, 
whilst  that  of  a  c  would  be  proportionately  lessened,  the  body 
c  dividing  itself  between  a  and  b,  in  a  proportion  represented  by 
the  product  of  its  affinity  for  each  of  these  elements  multiplied  into 
their  mass.  Thus  if  a  represent  the  mass  of  a,  ^,  represent  its  affinity 
for  c,  if  (3  be  the  mass  of  b,  and  y  its  affinity  for  c ;  a  c  :  b  c  : :  a^ :  f3y. 
Suppose,  for  example,  a  solution  of  nitrate  of  potash  to  be  mixed 
with  more  than  its  equivalent  of  sulphuric  acid;  it  is  generally 
conceded  that  the  potash  divides  itself  between  the  two  acids,  forming 
a  mixture  of  sulphate  and  nitrate  of  potash,  with  free  sulphuric  and 
nitric  acids.  Now  if  the  quantity  of  sulphuric  acid  be  increased, 
will  the  quantity  of  sulphate  of  potash  which  is  formed  be  influenced 
by  the  amount  of  sulphuric  acid  which  is  thus  added  in  excess  ?  and 
if  so,  to  what  extent  will  this  influence  of  the  mass  of  the  acid 
modify  the  simple  effect  of  chemical  affinity  ? 

Let  us  imagine  for  example,  that  /v,  the  affinity  of  sul- 
phuric acid  for  potash  =  5,  whilst  ?/,  that  of  nitric  acid  for  potash 
=4.  When  an  equivalent  of  sulphuric  acid  is  presented  to  an 
equivalent  of  nitrate  of  potash,  the  mass  a  of  sulphuric  acid=i  : 
that  of  the  nitric  acid  /3  =  i  also,  ao:  :  (3i/  as  ^  :  4.  The  nitrate 
will  be  partially  decomposed;  f  of  the  potash  will  enter  into 
combination  with  the  sulphuric  acid,  whilst  ^  will  be  united  with 
the  nitric,  and  we  shall  have  in  the  solution  |  (KO,  SO3),  ^  (KO, 
NO5),  I  (HO,  SO3)  and  |  (HO,  NO5).  But  suppose,  instead  of 
adding  i  equivalent  of  sulphuric  acid,  3  equivalents  be  employed, 
whilst  the  proportion  of  the  nitrate  remains  unaltered ;  the  mass 
a  of  the  sulphuric  acid  is  now  2,  and  a<2?  :  /Sz/  as  i  o  :  4.  The  pro- 
portion of  nitrate  of  potash  will  be  diminished,  and  there  will  be 
n  (KO,  SO3),  *^  (KO,  NO,),  1 A  (HO,  SO3)  and  if  (HO,  NO,) ; 
and  if  3  equivalents  of  sulphuric  acid  be  employed  to  i  of  nitrate  of 
potash,  since  the  mass  a  of  sulphuric  acid  is  now  =  3;  ax  :  f3y  as 
15  :  4;  consequently  the  proportions  of  the  ingredients  would  be  tI 
(KO,  SO3),  t\  (KO,  NO5),  2t%  (HO,  SO3),  and  if  (HO,  NO5);   the 
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proportion  of  sulphate  of  potash  continuing  to  increase,  tliough  in  a 
decreasing  ratio^  for  every  addition  of  free  sulphuric  acid  to  the 
solution. 

(857)  No  experimental  solution  of  this  problem  was  given 
by  BerthoUet,  and  the  question  fell  into  abeyance ;  but  within 
the  last  few  years  several  attempts  have  been  made  with  consi- 
derable success  to  determine  this  question  quantitatively.  Dr. 
Gladstone  {Phil.  Trans.  1855,  p.  179)  has  published  a  series  of 
experiments  in  which  he  has  made  use  of  the  change  of  colour 
which  solutions  of  certain  salts  undergo  on  mixture  with  each 
other,  as  a  means  of  ascertaining  the  extent  to  which  this  mutual 
decomposition  proceeds  when  all  the  products  remain  in  solution. 
The  principle  of  his  experiments  will  be  easily  understood.  Solu- 
tions of  several  persalts  of  iron,  such  as  the  persulphate,  the  per- 
nitrate,  perchloride,  peracetate,  percitrate,  &c.,  were  prepared  in  such 
a  manner  that  each  should  contain  the  same  proportion  of  the  ses- 
quioxide  dissolved  in  the  same  bulk  of  water  (each  of  the  solutions 
employed  contained  very  nearly  i  grain  of  sesquioxide  of  iron  in 
1000  grain  measures  of  water).  A  solution  of  pure  sulphocyanide 
of  potassium  was  then  prepared  of  such  a  strength  that  when  i  mea- 
sure of  this  solution  and  4  of  that  of  the  iron  salts  were  mingled, 
the  proportion  of  sulphocyanogen  should  be  exactly  sufficient  to 
convert  the  whole  of  the  iron  into  persulphocyanide,  if  complete 
mutual  decomposition  occurred  :  thus  the  proportions  of  the  two 
salts  employed  were  such  that  it  would  be  possible  for  exact 
mutual  interchange  to  occur  as  represented  in  the  following  equa- 
tion:  FeA,  3N05  +  3(K,Soy)=Fe,Scy3+3(KO,N05).  On 
making  the  experiment  in  this  manner,  it  was  found  that  the  iron 
was  never  wholly  converted  into  the  red  salt,  for  the  tint  was 
deepened  by  the  addition  of  more  either  of  the  iron  salt  or 
of  the  sulphocyanide.  In  order  to  obtain  a  quantitative  esti- 
mate of  the  amount  of  these  effects,  definite  measures  of  the 
solution  of  pernitrate  of  iron  and  of  sulphocyanide  of  potassium 
were  mixed  together,  and  the  liquid  so  obtained  was  diluted  with 
water  until  it  occupied  a  known,  but  arbitrary  volume.  This 
diluted  mixture  furnished  a  liquid  of  a  ceri  ain  depth  of  colour  which 
was  employed  as  a  standard  of  comparison.  Another  measure  of  the 
solution  of  pernitrate  of  iron,  equal  to  that  used  in  the  standard 
solution,  was  mixed  with  regulated  additions  of  the  sulphocyanide  of 
potassium,  and  the  liquid  thus  obtained  was  diluted  with  measured 
quantities  of  water  after  each  addition  of  sulphocyanide,  until,  as  far 
as  the  eye  could  distinguish,  this  solution  had  the  same  depth  of  tint 
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as  that  employed  as  the  standard;  it  was  then  assumed  that  the 
quantity  of  sulphocyanide  of  iron  formed  was  proportionate  to  the  bulk 
of  the  two  solutions.*  Suppose  that  the  standard  solution  occupied 
a  volume  of  880  measures.  It  was  found  that  if  twice  the  quantity 
of  the  sulphocyanide  of  potassium  employed  in  the  standard  liquid 
were  made  use  of  in  the  new  solution^  this  mixture  would  require 
dilution  till  it  occupied  1270  measures.  The  proportion  of  sulpho- 
cyanide of  iron  formed  in  these  two  cases^  was  assumed  to  be  as 
880  to  1270,  or  as  I  to  1-44.  The  excess  of  sulphocyanide  thus 
employed^  had  therefore  withdrawn  an  additional  quantity  of  iron 
from  its  combination  with  the  nitric  acid. 

In  this  manner  experiments  were  made  with  quantities  of  the 
sulphocyanide  of  potassium  progressively  increasing  from  ^  equi- 
valent of  the  sulphocyanide  to  each  equivalent  of  nitrate  of  iron, 
up  to  375  equivalents  of  sulphocyanide  to  i  equivalent  of  nitrate 
of  iron_,  and  it  was  found  that  the  quantity  of  sulphocyanide  of 
iron  which  was  formed^  continued  to  increase  with  every  addition 
of  sulphocyanide  of  potassium,  though  the  effect  of  each  consecu- 
tive addition  became  less  and  less  marked. 

It  was  ascertained,  as  indeed  it  was  to  be  expected,  that  the 
proportions  of  sulphocyanide  of  iron,  which  are  formed  by  the 
mixture  of  equivalent  quantities  of  other  salts  of  iron  with  given 
amounts  of  the  sulphocyanide  of  potassium,  vary  with  the  nature 
of  the  acid  in  combination  with  the  peroxide  of  iron.  For  ex- 
ample, it  was  found  that  when  nitrate  of  iron  was  mixed  with  sul- 
phocyanide of  potassium,  in  the  proportion  of  equivalent  quantities 
of  each,  that  0*194  of  an  equivalent  of  the  red  salt  was  formed. 
When  an  equivalent  of  sesquichloride  of  iron  was  used,  O'ly^  of 
an  equivalent  was  formed;  when  the  sulphate  was  employed,  0-126 
of  an  equivalent  was  produced ;  with  acetate  of  iron  0*04  only  was 
formed,  and  when  citrate  of  iron  was  employed,  the  quantity  of 
sulphocyanide  of  iron  which  it  yielded  was  too  small  to  admit  of 
being  estimated.  The  oxide  of  iron  therefore  retained  these  dif- 
ferent acids  with  degrees  of  force  which  vary  inversely  with  the 
quantity  of  sulphocyanide  which  is  formed,  whilst  the  potassium 
in  the  sulphocyanide  attracted  them  with  a  power  in  direct  pro- 
portion to  these  quantities.  Various  attempts  have  been  made  to 
obtain  relative  numerical  expressions  for  the  force  of  affinity  by 


*  Dr.  Gladstone  found  that  simple  dilution  of  the  sulphocyanide  of  iron 
reduced  the  tint  in  a  proportion  greater  than  could  be  accounted  for  by  mere 
dilution,  but  this  source  of  error  was  eliminated,  and  was  not  found  to  present 
itself  in  other  cases  which  he  employed  to  test  the  accuracy  of  the  general 
conclusion. 
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which  different  compounds  are  united,  but  they  have  all  hitherto 
failed.  Experiments  conducted  upon  the  principle  of  those  of 
Gladstone  appear  to  offer  the  fairest  prospect  of  solving  this 
interesting  and  important  problem. 

Besides  the  sulphocyanide  of  iron,  Dr.  Gladstone  examined  a 
variety  of  other  coloured  compounds ;  one  of  these  was  the  scarlet 
bromide  of  gold,  which  becomes  yellow  when  mixed  with  chlo- 
rides of  potassium  and  sodium,  to  an  extent  varying  with  the 
proportion  in  which  these  salts  are  added :  the  sulphate  of  qui- 
nine, when  mixed  with  a  soluble  chloride,  iodide,  or  bromide, 
also  afforded  similar  indications,  as  it  loses  its  fluorescent  character 
(or  power  of  altering  the  refrangibility  of  the  rays  of  light 
(104) )  in  proportion  to  the  quantity  of  chloride  or  bromide 
with  which  it  is  mixed.  From  these  and  from  a  variety  of  other 
experiments,  it  appears  that  when  two  or  more  compounds  in 
solution  are  made  to  act  upon  each  other,  provided  that  the  pro- 
ducts which  they  form  by  their  mutual  action  are  also  soluble,  the 
following  conclusions  may  be  drawn  : — i.  That  mutual  interchange 
between  the  bodies  which  are  mixed  takes  place  in  determinate 
proportions.  %.  That  these  proportions  are  independent  of  the 
manner  in  which  the  compounds  were  originally  combined :  thus, 
if  sulphate  of  potash  and  pernitrate  of  iron  be  mixed  in  equivalent 
quantities,  the  result  is  the  same  as  if  nitrate  of  potash  and  per- 
sulphate of  iron  had  been  employed  in  equivalent  quantities.  This 
is  a  fundamental  point  in  these  inquiries,  but  if  Dr.  Struve^s  obser- 
vations, (quoted  by  Graham,  Elem.  Chem.  2nd  Ed.  p.  232)  be 
correct, — viz.,  that  in  the  preparation  of  mineral  waters,  the  taste  of 
the  liquid  varies,  not  only  according  to  the  nature  of  the  salts,  but 
also  according  to  the  order  in  which  they  are  added, — it  cannot  be 
a  general  law.  3.  That  these  proportions  are  dependent  partly 
Upon  the  strength  of  the  mutual  affinities  of  the  components  for 
each  other,  and  partly  also  upon  the  mass,  or  relative  proportion 
of  each  compound  which  is  present  in  the  mixture.  4.  That  the 
alteration  of  the  mass  of  any  one  of  these  compounds  alters  the 
amount  of  all  the  other  compounds  which  co-exist  in  the  mixture 
in  a  regularly  progressive  ratio;  and  these  quantities  admit  of 
being  represented  by  regular  curves.  In  most  cases  this  adjust- 
ment of  the  relative  quantities  of  the  different  bodies  takes  place 
immediately  that  the  mixture  is  made. 

(858)  The  results  are  different  if  the  products  of  the  chemical 
combination  be  at  once  removed  from  the  sphere  of  action,  as  by 
the  formation  of  gaseous  compounds,  or  of  an  insoluble  precipitate 
when  two  liquids  are  mixed.     Bunsen  has  investigated  the  results 
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obtained  in  some  cases  of  tliis  nature.  He  found  tliat  when  a  mixture 
of  hydrogen  and  carbonic  oxide  was  detonated  with  oxygen  in  quan- 
tity insufficient  for  its  complete  combustion^  the  oxygen  divided 
itself  between  the  two  gases  in  such  a  manner  that  the  quantities 
of  water  and  of  carbonic  acid  produced  were  in  very  simple 
atomic  relations  to  each  other  {Liebig's  Ann.,  Ixxxv.  137).  He 
exploded  together  mixtures  of  oxygen_,  hydrogen,  and  carbonic 
oxide,  in  varying  proportions,  the  hydrogen  and  carbonic  oxide  being 
each  in  considerable  excess  over  the  oxygen  :  under  such  circum- 
stances water  and  carbonic  acid  were  formed ;  but  the  quantity  of 
carbonic  acid  was  greater,  in  proportion  as  the  carbonic  oxide  pre- 
ponderated, according  to  a  certain  law.  Similar  results  were  obtained 
by  detonating  cyanogen  with  a  quantity  of  oxygen  insufficient  for 
its  complete  combustion ;  in  such  case  nitrogen  and  a  mixture  of 
carbonic  acid  and  carbonic  oxide  in  simple  proportions  were  obtained: 
and  when  a  mixture  of  carbonic  acid  and  hydrogen  was  detonated 
with  a  quantity  of  oxygen  insufficient  for  the  consumption  of  the 
hydrogen,  a  certain  proportion  of  the  carbonic  acid  was  reduced 
to  carbonic  oxide,  according  to  the  terms  of  the  same  law. 

The  following  is  the  law  deducible  from  Bunsen's  experi- 
ments : — I.  When  two  gaseous  bodies,  a,  b,  are  mixed  with  a  third 
body,  c,  and  fired  by  means  of  the  electric  spark,  the  body  c 
takes  from  a  and  b  quantities  which  always  stand  to  one  another 
in  a  simple  atomic  relation  :  so  that  for  i  atom  of  a  c,  1,2,  3,  or 
4  atoms  of  b  c  are  produced;  for  2  atoms  of  a  c,  3,  or  5,  or  7 
atoms  of  B  c  are  formed.  If  one  atom  of  the  compound  a  c, 
and  one  of  b  c  be  formed  in  this  manner,  the  mass  of  a  may  be 
increased  in  the  presence  of  b,  up  to  a  certain  point,  without  any 
change  in  that  atomic  proportion  ;  but  if  a  certain  limit  be  passed, 
the  relation  of  the  atoms,  instead  of  being  as  i  :  i,  suddenly 
becomes  as  i  :  2,  or  as  i  :  3,  or  as  2  :  3  ;   and  so  on. 

2.  When  a  body,  a,  acting  upon  an  excess  of  any  compound, 
B  c,  reduces  it,  so  that  a  c  is  formed  and  b  is  set  at  liberty ;  then 
if  B  in  its  turn  can  reduce  the  newly-formed  compound,  a  c,  the 
final  result  is  that  the  reduced  part  of  a  c  is  in  simple  atomic 
proportion  to  the  unreduced  part.  In  the  case  of  these  reductions 
also,  the  mass  of  one  of  the  ingredients  of  the  mixture  may  be  in- 
creased up  to  a  certain  point  without  altering  the  relative  proportions 
of  the  compounds  obtained  ;  but  if  increased  beyond  this  limit  a 
sudden  alteration  in  the  relative  proportions  of  the  products  occurs  ; 
but  these  proportions  still  admit  of  being  represented  by  simple 
ratios. 


INFLUENCE    OF    MASS    ON    COMBINATION.  1095 

The  following  experiments  illustrate  the  first  part  of  the  fore- 
going law  : — On  exploding  mixtures  of  carbonic  oxide  and 
hydrogen,  in  the  following  proportions,  Bunsen  found  that  the 
quantities  of  carbonic  oxide  and  hydrogen  which  were  oxidized 
were  in  the  proportions  stated  below  : — 


Mixture  detonated 

Ratio  of  Gases  burned. 

I.    . 

Oxygen. 
.       .       lO 

Hydrogen. 

Carb.  Oxide^. 

•     79'4     . 

Hydrogen. 
.        I 

Carb.  Oxide. 
2 

II.   . 

.       .       lO 

.        .       20       . 

•     44'4     • 

.      2 

2 

III.  . 

.       .       lO 

.        .        20       . 

.      I2-I      . 

.     6 

2 

IV.    . 

.       .       lO 

'    '    3>7     ' 

•     31-5     • 

.     8 

2 

These  experiments  show  that,  as  the  proportion  of  carbonic 
oxide  to  the  hydrogen  in  the  mixture  decreased,  the  proportion 
oxidized  on  detonation  decreased  also,  but  it  decreased  per  saltum, 
not  gradually,  and  these  proportions  were  found  to  be  uniformly 
the  same  on  repeating  the  detonation  with  the  same  mixture, 
although  the  degree  of  compression  to  which  the  mixture  was 
subjected  during  the  detonation  was  considerably  varied  in  different 
experiments. 

The  following  are  Bunsen's.principal  experiments  in  support  of 
the  second  part  of  the  foregoing  law  : — When  carbonic  acid  is  driven 
over  ignited  charcoal,  it  is  wholly  converted  into  carbonic  oxide  ;  but 
when  steam  is  transmitted  over  ignited  charcoal,  a  mixture  of  hydro- 
gen, carbonic  oxide,  and  carbonic  acid  is  produced,  in  the  proportion 
of  4  volumes  of  hydrogen,  2  volumes  of  carbonic  oxide,  and  i  of 
carbonic  acid.  Again,  when  a  mixture  of  cyanogen  with  atmo- 
spheric air  and  oxygen  was  detonated  in  the  eudiometer  in  the  pro- 
portion of  6" 2  of  cyanogen  to  10  of  oxygen,*  the  cyanogen  yielded 
3  volumes  of  nitrogen,  2  of  carbonic  oxide,  and  4  of  carbonic  acid  : 
and  when  a  mixture  of  4*07  of  carbonic  acid,  ^^'2^  of  hydrogen,  and 
10  of  oxygen  was  detonated,  a  portion  of  the  carbonic  acid  yielded 
oxygen  to  the  hydrogen,  and  was  reduced  to  the  state  of  carbonic 
oxide;  3  volumes  of  carbonic  oxide  being  formed  whilst  exactly 
2  volumes  of  carbonic  acid  remained  unacted  upon,  although  a 
large  excess  of  hydrogen  was  present. 

M.  Debus  arrived  at  substantially  the  same  results  as  those 
indicated  by  Bunsen  for  gaseous  mixtures,  by  precipitating  a  mix- 
ture of  lime  and  baryta  water,  by  small   proportions  of  solution 

*  Cyanogen  requires  for  the  complete  combustion  of  its  carbon  twice  its 
volume  of  oxygen,  so  that  6'2  of  cyanogen  would  have  required  12-4  instead 
of  10  of  oxygen ;  there  is  therefore  more  oxygen  than  would  suffice  for  the 
conversion  of  the  carbon  into  carbonic  oxide. 
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of  carbonic  acid,  and  by  similar  experiments  upon  a  large  excess 
of  a  dilute  solution  of  tlie  mixed  chlorides  of  calcium  and  of  barium 
to  which  a  dilute  solution  of  carbonate  of  soda  was  added. 

In  the  experiments  of  Bunsen,  it  must  be  recollected  that  the 
first  products  of  the  chemical  combination  are  immediately  removed 
from  the  sphere  of  action  :  carbonic  acid,  and  carbonic  oxide,  and 
water  will  not  mutually  react  upon  each  other  ;  and  in  the  experi- 
ments of  Debus,  the  carbonates  of  the  earths  being  insoluble,  are 
at  once  withdrawn  from  further  action  upon  the  mixture. 

(859)  Adhesion. — The  influence  of  adhesion  in  aiding  chemical 
action  is  often  exerted  by  overcoming  the  opposite  force  of 
elasticity;  this  is  exemplified  by  the  manner  in  which  water 
frequently  favours  the  mutual  action  of  dry  gases  upon  each  other. 
When,  for  example,  dry  sulphurous  acid  and  dry  peroxide  of 
nitrogen  are  mixed  together,  no  combination  takes  place  between 
them  ;  the  addition  of  a  few  drops  of  water,  however,  causes  them 
immediately  to  condense  and  to  form  the  white  crystalline  com- 
pound which  has  been  spoken  of  when  treating  of  the  manufacture 
of  sulphuric  acid  (344,  and  note  p.  568).  If  the  elasticity  of  these 
gases  be  overcome  by  other  means — if,  for  instance,  they  be 
liquefied  by  exposing  them  to  a  low  temperature,  combination 
occurs  without  the  intervention  of  moisture.  In  like  manner, 
sulphurous  acid  and  sulphuretted  hydrogen  may  be  mixed  when 
dry  without  acting  upon  each  other,  but  if  water  be  present,  the 
mutual  decomposition  of  the  two  gases  is  the  result. 

Water,  by  overcoming  the  self-repulsion  of  the  gases,  favours 
their  chemical  action  upon  solid  bodies.  Hydrochloric  acid,  and 
ammonia,  in  their  gaseous  form,  exert  but  little  influence  upon  the 
metals  or  upon  their  salts,  although  when  in  solution  their  action 
upon  them  is  rapid  and  powerful. 

Surface  Actions. — The  adhesion  of  gases  to  solids  produces  many 
curious  phenomena : — for  example,  let  a  piece  of  charcoal  be 
thoroughly  saturated  with  hydrogen  by  attaching  it  to  the  nega- 
tive wire  of  the  voltaic  battery,  and  employing  it  as  the  platinode 
in  the  decomposition  of  acidulated  water  :  this  charcoal,  if  now  de- 
tached from  the  battery  and  thrown  into  a  solution  of  sulphate  of 
copper,  or  of  nitrate  of  silver,  will  effect  the  decomposition  of  these 
salts,  and  their  respective  metals  will  be  thrown  down  upon  the 
charcoal  in  the  reduced  state ;  the  charcoal  and  condensed  hydrogen 
appearing  to  act  the  part  of  a  voltaic  circuit,  in  which  the  hydrogen 
supplies  the  place  of  the  electro-positive  or  oxidizable  metal,  and 
the    charcoal  that  of  the   electro  negative  metal   or  conducting 
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plate.  If  a  plate  of  platinum^  rendered  chemically  clean,*  be 
introduced  into  a  mixture  of  pure  oxygen  and  hydrogen,  in  the 
proportions  to  form  water,  the  gases  become  condensed  upon  the 
surface  of  the  plate,  and,  being  brought  within  the  sphere  of  each 
other's  attraction,  begin  to  unite ;  at  first  slowly,  but  during  the 
act  of  combination,  heat  is  extricated,  and  the  action  proceeds 
more  quickly,  until  at  last  the  plate  becomes  red-hot,  and  an 
explosion  of  the  gas  ensues  (Faraday,  Phil.  Trans.,  1834,  p.  55). 
By  employing  the  metal  in  a  disintegrated  or  spongy  form,  the 
surface  exposed  is  greater,  and  the  action  much  more  rapid :  the 
metal  conducts  away  but  little  of  the  heat  which  is  generated, 
and  soon  becomes  red-hot  j  whilst  in  the  condition  of  platinum 
black  (823)  this  activity  attains  its  maximum.  On  throwing 
a  little  of  this  black  powder  into  a  mixture  of  oxygen  and  hydrogen 
it  immediately  becomes  incandescent,  and  the  gases  combine  with 
a  loud  report. 

From  its  inalterability  by  ordinary  chemical  agents,  platinum 
in  this  finely  divided  form  has  been  used  to  efiect  various  combi- 
nations which  cannot  otherwise  readily  be  procured  between 
vaporized  and  gaseous  bodies  : — For  instance,  if  ammonia  be 
mixed  with  atmospheric  air,  and  transmitted  over  spongy 
platinum  gently  heated,  its  nitrogen  becomes  converted  into 
nitric  acid,  and  its  hydrogen  into  water;  H3N  +  8  0  =  3  HO, 
NO5 :  but  this  transformation  cannot  be  effected  by  heat,  unless 
some  substance  analogous  to  spongy  platinum  be  used,  since  nitric 
acid  is  decomposed  at  a  temperature  which,  under  ordinary  cir- 
cumstances, is  required  to  effect  the  combustion  of  ammonia. 
On  the  other  hand,  ammonia  may  be  formed  from  the  oxides  of 
nitrogen,  by  mixing  them  with  hydrogen  and  transmitting  the 
gases  over  platinum  sponge  gently  heated ;  NO2  +  5  H  =  H3N  + 
2  HO.  Nitrate  of  ammonia,  when  heated  with  platinum  black, 
yields  nitric  acid,  nitrogen,  and  water,  instead  of  protoxide  of 
nitrogen;  thus  5  (H^NO,  NO5)  =  2  NO5  +  8  N  +  20  HO.  A 
variety  of  other  interesting  changes  may  be  effected.  According 
to   Dobereiner,    (who    first    pointed   out   the    remarliable    power 


*  This  may  be  effected  by  holdin,^  the  plate  over  the  flame  of  a  spirit  lamp 
and  rubbing  it  when  hot,  \^  itli  a  stick  of  caustic  potash ;  the  potash  is  to 
be  maintained  in  a  fused  state  upon  its  surface  for  a  second  or  two ;  the  alkali 
is  then  to  be  washed  off  completely  in  distilled  water,  and  the  plate  is  to  be 
immersed  for  a  minute  in  hot  oil  of  vitriol ;  after  which  it  is  to  be  freed  from 
adhering  acid  by  immersion  for  a  quarter  of  an  hour  in  a  large  bulk  of  distilled 
water. 
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whicli  finely  divided  platinum  possesses  of  effecting  these  kind  of 
combinations^)  a  mixture  of  cyanogen  and  hydrogen  by  the  aid 
of  a  gentle  heat  yields  cyanide'  of  ammonium  when  in  contact 
with  spongy  platinum.  In  a  mixture  of  binoxide  of  nitrogen  and 
olefiant  gas^  carbonate  of  ammonia  is  produced ;  and  in  a  mixture 
of  the  vapour  of  alcohol  and  binoxide  of  nitrogen,  cyanide  of 
ammonium,  carbonate  of  ammonia,  olefiant  gas,  water,  and  a 
deposit  of  carbon  are  formed.  In  like  manner,  sulphurous  acid 
may  be  rapidly  converted  into  sulphuric  acid,  if  it  be  driven  in  a 
moist  state,  mingled  with  air,  through  tubes  containing  spongy 
platinum :  this  method  was  even  proposed  as  a  manufacturing 
process  for  obtaining  oil  of  vitriol,  but  it  was  abandoned  in  con- 
sequence of  an  alteration  in  the  platinum,  by  which  it  is 
deprived  of  this  power  of  eff'ecting  combination.  Platinum 
black  produces  with  the  vapours  of  alcohol  in  contact  with 
atmospheric  air,  a  series  of  compounds  which  are  finally  converted 
into  acetic  acid  (62). 

Alcohol.  Acetic  Acid. 

CJIA  +40=  CJI^4  +  2  HO. 

For  the  success  of  these  experiments,  it  is  necessary  that  the 
surface  of  the  platinum  be  chemically  clean,  otherwise  the  sup- 
posed adhesion  of  the  gases  or  vapours  to  the  metal  does  not  take 
place.  Faraday  considers  that  these  actions  are  owing  to  the  adhe- 
sion of  the  gases  to  the  surface  of  the  metal,  by  which  the  particles 
of  each  gas  are  brought  within  chemical  contact  with  the  others.  He 
observed  that  the  admixture  of  small  quantities  of  carbonic  oxide, 
or  of  the  vapour  of  bisulphide  of  carbon,  or  of  olefiant  gas,"^  pre- 
vented the  platinum  from  effecting  the  combination  of  the  oxygen 
and  hydrogen,  but  did  not  deprive  the  metal  of  its  activity,  as 
was  ascertained  by  afterwards  plunging  it  into  a  mixture  of  pure 
oxygen  and  hydrogen.  On  the  other  hand,  the  addition  of  sul- 
phuretted or  of  phosphuretted  hydrogen  to  an  explosive  mixture  of 
oxygen  and  hydrogen,  not  only  prevented  the  combination  from 
being  produced  by  the  platinum,  but  it  effected  such  an  alteration 
of  the  surface  of  this  metal  that  when  it  was  plunged  into  a  fresh 
portion  of  mixed  oxygen  and  hydrogen,  no  combination  of  the  gases 
occurred.  Hydrochloric  acid  also  rapidly  destroys  the  peculiar  pro- 
perties of  finely  divided  platinum.      According  to  Dobereiner,  the 


*  Mr.  Graham  finds,  that  in  the  case  of  carbonic  oxide,  a  gradual  oxidation 
of  the  carbonic  oxide  takes  place,  but  that  this  action  is  much  slower  than  the 
oxidation  of  the  hydrogen  ;  the  oxidizing  influence  is  wholly  concentrated  on 
the  carbonic  oxide,  and  until  this  gas  is  entirely  oxidated  the  hydrogen 
remains  unaltered  in  the  mixture. 
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preventive  action  of  this  gas  depends  upon  the  decomposition  of 
the  hydrochloric  acid  by  the  oxygen  condensed  upon  the  platinum  : 
water  is  formed  whilst  chlorine  is  liberated,  and  this  chlorine, 
by  converting  the  platinum  superficially  into  protochloride, 
destroys  its  power ;  its  activity,  however,  can  be  restored  by 
treating  it  with  boiling  oil  of  vitriol.  Hydrochloric  acid  is  in 
this  case  expelled,  and  a  small  quantity  of  protoxide  of  platinum 
is  dissolved ;  the  metal  is  then  to  be  well  washed  in  distilled  water. 

(860)  Other  finely  divided  substances  besides  platinum 
possess  this  property  of  favouring  the  combination  of  oxygen  and 
hydrogen  in  an  inferior  degree ;  even  pounded  glass,  porcelain, 
charcoal,  pumice,  and  rock  crystal,  if  warmed  to  600°  F.,  produce 
this  effect.  Finely  divided  palladium,  rhodium,  and  iridium  also 
determine  the  combination  of  oxygen  and  hydrogen  with  explo- 
sion at  ordinary  temperatures.  Gold  and  silver  effect  the  com- 
bination of  hydrogen  with  oxygen  quietly,  at  temperatures  far 
below  the  boiling  point  of  mercury  (Dulong  and  Thenard). 
Metals  which  have  a  strong  affinity  for  oxygen  cannot  be  used,  as 
they  immediately  become  oxidized  upon  the  surface. 

(861)  Catalysis. — The  remarkable  actions  produced  by  the 
agency  of  finely  divided  platinum  have  in  the  foregoing  para- 
graphs been  attributed  to  the  force  of  adhesion,  which  is  supposed 
to  bring  the  different  gaseous  bodies  within  the  sphere  of  mutual 
action ;  but  they  were  viewed  by  Berzelius  as  arising  from  a  new 
force,  which  he  termed  catalysis,  in  virtue  of  which,  he  says : — 
^  Certain  bodies  exert,  by  their  contact  with  others,  such  an  in- 
fluence upon  these  bodies,  that  chemical  action  is  excited ;  com- 
pounds are  destroyed,  or  new  ones  are  formed,  although  the 
substance  by  which  these  actions  are  induced  does  not  take  the 
slightest  part  in  these  changes.'  This  catalytic  force,  however,  is 
probably  purely  imaginary ;  most  of  the  phenomena  which  have 
hitherto  been  referred  to  its  agency  being  occasioned  by  several 
different  causes,  which  often  admit  of  being  distinguished  from 
each  other,  and  which  may,  as  in  the  case  of  the  action  of  platinum, 
be  explained  by  the  active  operation  of  other  known  forces. 

One  class  of  these  phenomena  are  those  included  under  the 
term  fermentation.  They  are  peculiar  to  the  products  of  organic 
chemistry  ;  such,  for  instance,  as  the  change  of  solution  of  sugar  into 
alcohol  and  carbonic  acid,  under  the  influence  of  yeast :  the  change 
of  starch  into  sugar  in  the  operation  of  mashing  wort,  or  the  germi- 
nation of  seeds,  owing  to  the  presence  of  a  peculiar  albuminous 
substance  termed  diastase :  and  the  gradual  conversion  of  amyg- 
dalin,  the  bitter  principle  in  the  bitter  almond,  into  hydrocyanic 
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acid_,  oil  of  bitter  almonds^  sugar,  and  formic  acid^  when  it  is  dis- 
solved into  water,  and  mixed  with  the  emulsin,  or  albuminous 
principle  contained  in  the  pulp  of  the  seed.  In  all  these  cases, 
however_,  although  the  constituents  of  the  yeast_,  the  diastase^  or 
the  emulsin,  do  not  enter  into  the  formation  of  the  new  products, 
yet  they  disappear  during  the  change,  and  during  the  whole  time 
are  undergoing  a  series  of  specific  alterations,  which  stand  in 
intimate  but  unexplained  relation  to  the  metamorphosis  of  the 
sugar^  the  starch,  or  the  amygdalin.  One  of  the  most  remark- 
able features  of  these  decompositions,  is  the  small  proportion  of 
the  ferment,,  or  catalytic  body  as  Berzelius  would  term  it,  which 
is  required  to  produce  the  change :  i  part  of  yeast,  for  instance,  is 
sufficient  to  convert  loo  parts  of  sugar  into  alcohol  and  carbonic 
acid ;  and  a  still  smaller  quantity  is  required  in  the  case  of  diastase,  i 
part  of  which  is  able  to  eftect  the  transformation  of  more  than  looo 
times  its  Aveight  of  starch  into  sugar.  The  consideration  of  these 
remarkable  metamorphoses  must  however  be  deferred  until  the 
organic  bodies  themselves  have  been  described. 

Liebig's  theory  of  catalysis  is,  ^  that  a  body  in  the  act  of  com- 
bination or  decomposition,  enables  another  body,  with  which  it  is  in 
contact,  to  enter  into  the  same  state.  It  is  evident,^  says  he,  ^  that  the 
active  state  of  the  atoms  of  one  body  has  an  influence  upon  the  atoms 
of  a  body  in  contact  with  it,  and  if  these  atoms  be  capable  of  the 
same  change  as  the  former,  they  likewise  undergo  that  change, 
and  combinations  and  decompositions  are  the  consequence.  *  *  * 
This  influence  exerted  by  one  compound  upon  the  other,  is  exactly 
similar  to  that  which  a  body  in  the  act  of  combustion  exercises 
upon  a  combustible  body  in  its  vicinity ;  with  this  difterence  only, 
that  the  causes  which  determine  the  participation  and  duration  of 
these  conditions  are  different.^ 

These  explanations  are  hardly  sufficient  to  account  for  the 
phenomena  of  fermentation,  as  the  bodies  which  are  undergoing 
fermentation  do  not  ^  enter  into  the  same  state '  as  the  particles  of 
the  ferment ;  but  they  apply  admirably  to  many  of  the  illustrations 
cited  by  Liebig  in  proof  of  his  theory.  Amongst  these  illustrations 
is  an  experiment  by  Saussure,  who  observed  that  moist  woody 
fibre,  if  placed  in  contact  with  oxygen,  gradually  converts  the 
oxygen  into  carbonic  acid.  On  adding  a  certain  quantity  of 
hydrogen  to  a  measured  bulk  of  oxj'^gen,  which  was  imdergoing 
this  change,  he  observed  a  diminution  in  the  volume  of  the 
two  gases  immediately  after  efi'ecting  the  mixture ;  a  portion  of 
oxygen   had  thus  been  caused  to  enter  into  combination  with  the 
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liydrogcn,  and  a  true  gradual  combustion  of  the  hydrogen  had  been 
effected,  analogous  to  that  produced  by  platinum,  owing  to  its  contact 
with  vegetable  matter,  which  was  itself  undergoing  slow  oxidation. 

Again,  it  has  been  observed  in  the  case  of  certain  alloys,  that 
the  compound  is  entirely  soluble  in  an  acid  which  may  be  unable  to 
attack  one  of  the  components  of  the  alloy  when  in  a  separate  form. 
Platinum,  for  instance,  is  not  soluble  in  nitric  acid,  but  if  it  be 
alloyed  with  lo  or  12  parts  of  silver,  the  acid  dissolves  it  readily. 
In  like  manner,  copper  is  insoluble  in  dilute  sulphuric  acid,  but  an 
alloy  of  zinc,  nickel,  and  copper  is  readily  dissolved  by  this  liquid. 

(862)  Effects  of  Motion  on  Chemical  Affinity, — In  many  cases 
motion  favours  the  manifestation  of  cohesion  in  a  remarkable 
manner  :  for  example,  water  may  be  cooled  below  its  freezing  point, 
and  may  retain  its  liquid  form  if  kept  perfectly  motionless,  but 
on  the  slightest  agitation  it  assumes  the  form  of  ice.  Again,  if  a 
solution  of  nitrate  of  silver  be  simply  mixed  with  hydrochloric  acid, 
it  will  long  remain  milky ;  but  if  the  nitrate  be  in  excess,  and  the 
mixture  be  briskly  shaken  for  about  a  minute,  the  whole  of  the 
chloride  of  silver  will  collect  in  dense  flocculi,  which  rapidly  sub- 
side, and  leave  the  liquid  clear.  In  a  somewhat  similar  manner 
motion  favours  the  development  of  chemical  action : — thus  a  mix- 
ture of  tartaric  acid  and  nitrate  of  potash  may  be  made,  and  no  sign 
of  precipitation  will  appear  for  many  minutes,  if  the  mixture  after 
simple  agitation  be  left  at  rest:  but  if  it  be  briskly  stirred  with  a  glass 
rod,  an  abundant  deposition  of  crystals  will  speedily  be  produced. 
A  similar  effect  is  often  observed  with  other  crystalline  preci- 
pitates :  the  double  chloride  of  platinum  and  potassium,  or  of 
platinum  and  ammonium,  frequently  does  not  appear  in  dilute  solu- 
tions until  the  mixture  has  been  briskly  stirred.  If  the  glass  rod 
which  is  used  in  stirring  the  mixture  be  drawn  against  the  side  of  the 
vessel  containing  the  liquid,  the  track  of  the  rod  will  be  rendered 
evident  by  the  formation  of  crystals,  which  are  symmetrically  de- 
posited on  each  side  of  this  line.  This  effect  is  particularly 
manifested  when  a  solution  of  phosphate  of  soda  is  added  to  dilute 
neutral  solutions  of  magnesia  containing  ammoniacal  salts ;  the 
double  phosphate  of  ammonia  and  magnesia  takes  many  hours  for 
its  deposition,  unless  the  liquid  be  briskly  stirred. 

Sometimes  when  the  chemical  affinities  which  hold  a  compound 
together  are  feeble,  or  where  the  components  have  a  strong  ten- 
dency to  assume  the  gaseous  form,  a  blow  will  be  sufficient  to 
disturb  the  equilibrium,  and  an  explosion  wiU  follow.  In  this 
way  chloride  of  nitrogen,  which  is  united  by  feeble  affinities,  and 
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contains  bodies  which  naturally  exist  in  the  gaseous  state,  is  some- 
times decomposed  by  the  mere  fall  of  a  drop  of  the  liquid  to  the 
bottom  of  a  jar  of  the  solution  in  which  it  is  being  formed.  The 
ordinary  percussion  cap  is  another  instance  of  the  same  kind_, 
where  the  nitrogen  in  the  fulminic  acid  suddenly  resumes  its 
gaseous  state  on  the  application  of  a  blow.  In  the  latter  case,  and 
in  that  of  the  common  lucifer  match,  it  might  be  supposed  that  the 
heat  developed  by  the  sudden  compression  attending  the  blow  or 
the  friction,  is  the  cause  of  these  detonations;  but  this  explana- 
tion certainly  cannot  apply  to  the  iodide  of  nitrogen,  which,  if  dry, 
explodes  when  touched  even  with  a  feather.  Fulminating  silver  is 
also  decomposed  with  explosion  by  causes  equally  slight. 

(863)  Concurring  Affinities. — Another  class  of  these  so-called 
catalytic  phenomena  is  exemplified  in  the  effect  of  the  admixture 
of  oxide  of  copper,  or  oxide  of  manganese,  in  aiding  the  decom- 
position of  chlorate  of  potash.  Chlorate  of  potash  fuses  at  about 
650°  F.,  and  when  heated  to  about  700°  it  is  decomposed  with 
effervescence  and  rapid  evolution  of  oxygen :  when  mixed  with 
about  a  fourth  of  its  weight  of  black  oxide  of  copper,  or  of  oxide 
of  manganese,  the  salt  begins  to  be  decomposed  at  a  temperature 
of  between  450°  and  500°  (much  below  its  fusing  point) ; 
the  gas  which  is  given  off  in  this  case,  however,  is  always 
accompanied  by  a  small  quantity  of  chlorine.  Other  oxides  produce 
a  similar  effect,  but  the  temperature  required  varies  with  each 
oxide  :  thus,  sesquioxide  of  iron  requires  a  temperature  of  about 
500° ;  oxide  of  lead  a  somewhat  higher  temperature  ;  whilst  oxide  of 
zinc,  and  magnesia  do  not  aid  the  decomposition  of  the  salt  at  all. 

This  remarkable  decomposition  appears  to  admit  of  an  expla- 
nation, suggested  by  Mercer,  in  elucidation  of  other  somewhat 
analogous  actions.  He  supposes,  although  the  catalytic  body 
experiences  no  perceptible  alteration  after  the  decomposition  is 
complete,  that  it  acts  by  exerting  a  feeble  chemical  affinity  upon 
one  of  the  constituents  of  the  compound.  In  the  case  of  oxide  of 
manganese  and  chlorate  of  potash,  the  oxide  of  manganese  is  a 
substance  which  has  an  affinity  for  an  additional  quantity  of  oxygen, 
as  is  evinced  by  the  possibility  of  forming  manganic  and  perman- 
ganic acids  from  it  by  further  oxidation.  This  tendency,  although 
it  does  not  rise  high  enough  in  the  experiment  before  us  to  pro- 
duce the  acids,  may  yet  exert  sufficient  attraction  upon  the  oxygen 
to  facilitate  its  escape.  Indeed  it  is  not  impossible  that  traces  of 
manganic  acid  may  be  actually  formed,  and  then  decomposed ;  in 
which  case  the  formation  of  the  small  quantity  of  potash,  and  the 
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liberation  of  the  chlorine^  which  always  accompanies  the  oxygen, 
would  be  accounted  for.  A  somewhat  similar  explanation  may  be 
applied  in  the  case  of  the  black  oxide  of  copper ;  an  unstable  sesqui- 
oxide  of  this  metal  appears  to  exist ;  black  oxide  of  copper  therefore 
has  a  feeble  affinity  for  oxygen,  and  though  that  affinity  is  not  ade- 
quate to  retain  the  oxygen  when  separated  from  the  chlorate  of 
potash,  it  may  yet  aid  in  effecting  its  liberation :  sesquioxide  of  iron 
is  also  susceptible  in  the  ferric  acid  of  a  higher  but  unstable  stage 
of  oxidation,  and  the  same  holds  good  of  oxide  of  lead ;  hence 
these  compounds  facilitate  the  decomposition  of  the  chlorate. 
There  is  no  proof  of  the  existence  of  a  higher  oxide  either  of  zinc, 
or  of  magnesia,  and  accordingly  we  find  that  scarcely  any  effect  is 
produced  on  heating  these  oxides  with  the  chlorate.  I  find  also 
that  powdered  glass  and  pure  silica  are  equally  inert,  probably  from 
the  same  cause. 

Mercer  observed  that  starch,  which  is  ordinarily  converted  by 
nitric  acid  into  oxalic  acid,  is  entirely  transformed  into  carbonic 
acid  if  a  salt  of  manganese  be  present ;  i  COg  being  formed,  instead 
of  C2O3.  Oxalic  acid,  also,  may  be  in  this  manner  rapidly  con- 
verted into  carbonic  acid  (Playfair  On  Catalysis,  Proceed.  Chem. 
Soc.j  III.  351).  If  an  ounce  of  oxalic  acid  be  dissolved  in 
10  ounces  of  water,  at  180°  F.,  and  i  ounce  of  colourless  nitric 
acid,  sp.  gr.  i'30,  be  added,  no  decomposition  of  the  oxalic  acid 
occurs ;  but  it  immediately  commences  on  adding  a  small  quantity 
of  a  solution  of  nitrate,  or  any  other  salt  of  manganese.  The 
protoxide  of  manganese,  from  its  tendency  to  pass  into  the  state  of 
peroxide,  tends  to  deprive  the  free  nitric  acid  of  oxygen,  and  aids 
the  oxalic  acid  to  decompose  this  acid ;  and  the  oxalic  acid  having 
a  stronger  affinity  for  oxygen  than  the  protoxide  of  manganese, 
immediately  appropriates  the  oxygen ;  the  united  affinities  of 
both  being  able  to  accomplish  a  decomposition  which  could  not 
have  been  effected  by  either  separately.  This  reaction  appears  to 
be  analogous  in  nature,  though  inferior  in  amount,  to  that  which 
enables  chlorine  to  decompose  silica  or  alumina  when  these  oxides 
are  mixed  with  charcoal,  (388,  ^66,)  though  neither  chlorine  nor 
charcoal  is  able  separately  to  produce  this  effect. 

A  similar  result  is  obtained  when  a  quantity  of  hydrated  oxide 
of  copper,  or  of  peroxide  of  manganese,  is  thrown  into  a  mixture 
of  bleaching  powder  and  water ;  on  warming  the  mixture,  oxygen 
is  evolved  abundantly,  and  chloride  of  calcium  is  formed;  the 
oxide  of  copper  or  of  manganese,  by  its  affinity  for  oxygen,  aids 
the  elastic  force  developed  by  heat  in  detaching  the  oxygen  from 
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tlie  chloride  of  lime,  and  the  oxygen,  by  its  elasticity,  escapes  in  the 
gaseous  form  without  combining  with  the  metallic  oxide. 

Gaseous  ammonia  may  be  passed  through  heated  porcelain 
tubes  at  a  very  high  temperature,  and  it  will  experience  only  a  par- 
tial decomposition ;  but  if  the  tube  be  filled  with  finely  divided 
metallic  copper  or  iron,  the  decomposition  takes  place  with  facility 
at  a  lower  temperature.  It  is  not  improbable  that  in  this  case 
the  metals  act  by  their  affinity  for  nitrogen,  which  is  feeble,  and  that 
a  nitride  of  copper  may  be  formed  (448) .  If  iron  wire  be  employed 
instead  of  finely  divided  iron,  it  is  found  to  have  become  superficially 
altered  and  brittle.  Platinum  favours  the  decomposition  of  am- 
monia but  slightly,  and  glass  scarcely  in  any  appreciable  degree. 

Alcohol,  when  exposed  to  the  air,  evaporates  without  under- 
going any  chemical  change,  but  if  a  quantity  of  caustic  potash  be 
dissolved  in  the  alcohol,  the  alkali  appears  to  enhance  its  affinity 
for  oxygen ;  in  consequence  of  which  acetic  and  formic  acids  are 
produced,  and  combine  with  the  potash. 

The  decomposition  of  binoxide  of  hydrogen  (396)  by  contact 
with  many  bodies,  which  appear  to  undergo  no  chemical  alteration 
during  the  action,  may  possibly  be  referred  to  the  same  cause. 
When,  for  example,  finely  divided  metallic  gold,  silver,  or  platinum, 
or  peroxide  of  manganese,  is  placed  in  the  liquid  binoxide,  the  latter 
is  decomposed,  the  oxygen  being  attracted  by  the  metal,  which, 
however^  has  not  sufficient  power  to  retain  it  in  combination.  A 
singular  circumstance,  however,  has  been  observed,  when  oxide 
of  gold  or  oxide  of  silver  is  substituted  for  the  metals  themselves ; 
decomposition  of  the  binoxide  is  produced  by  the  metallic  oxide, 
but  the  oxide  of  gold  or  of  silver  at  the  same  time  parts  with  its 
oxygen,  and  is  reduced  to  the  metallic  state.  A  similar  reaction 
happens  if  an  acid  solution  of  bichromate  of  potash  be  mixed  with 
the  binoxide  of  hydrogen,  the  chromic  acid  losing  half  its  oxygen 
simultaneously  with  the  binoxide  of  hydrogen.* 


*  Prof.  Brodie  {Phil.  Trans.  1850,  p.  759)  has  published  the  results  of  a 
series  of  experiments,  showing  that  in  such  decompositions  there  is  a  numerical 
relation  between  the  (quantity  of  the  binoxide  which  is  decomposed  and  of  the 
metalhc  oxide  which  is  reduced.  These  experiments,  however,  were  chiefly 
made  upon  binoxide  of  barium,  as  being  much  more  manageable  than  binoxide 
of  hydrogen.  It  was  found  that  when  the  binoxide  was  mixed  with  water,  and 
placed  in  contact  with  oxide,  or  chloride  of  silver,  that  both  the  compound  of 
barium  and  that  of  silver  was  decomposed ;  baryta,  or  chloride  of  barium,  being 
formed,  whilst  metallic  silver  and  oxygen  gas  were  liberated.  Auniform  quantity 
of  peroxide  of  barium  was  employed  in  each  experiment,  whilst  the  quantity  of 
oxide,  or  of  cliloride  of  silver,  was  progressively  increased :  it  was  found  that  the 
silver  compound  was  never  wholly  reduced,  but  that  the  proportion  of  it  which 
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Other  substances  besides  binoxide  of  hydrogen,  exhibit  a  similar 
susceptibility  to  decomposition  by  contact  with  certain  bodies. 
Persulphide  of  hydrogen,  for  example,  is  immediately  decomposed 
by  contact  with  oxides  of  manganese  and  silver,  and  like  the  bin- 
oxide  of  hydrogen,  it  is  rendered  more  stable  by  the  addition  of 
acids,  while  its  decomposition  is  facilitated  by  contact  with  alka- 
lies. The  nitrosulphates  (354)  discovered  by  Pelouze,  afford 
another  instance  of  decomposition  effected  by  a  body  which  under- 
goes no  apparent  change;  but  this  decomposition  is  particularly 
instructive,  as  it  is  almost  certain  that  the  body  which  excites  the 
decomposition  does  suffer  a  real  chemical  change.  Thus  the  ad- 
dition of  a  solution  of  sulphate  of  copper  to  solution  of  nitrosul- 
phate  of  ammonia,  causes  an  immediate  effervescence,  owing  to 
the  escape  of  protoxide  of  nitrogen.  This  decomposition  appears 
to  be  produced  thus ; — on  the  addition  of  sulphate  of  copper,  the 
nitrosulphate  partially  exchanges  bases  with  it ;  now  so  long  as  the 
nitrosulphuric  acid  is  in  combination  with  an  alkali,  the  acid  has 
a  certain  stability,  since  the  alkalies  appear  by  their  basic  energy 
to  preserve  the  elements  of  the  acid  in  equilibrio,  but  as  soon  as 
a  salt  with  a  weaker  base  is  added,  such  as  the  sulphate  of 
copper,  a  portion  of  nitrosulphate  of  copper  is  formed,  but  the  oxide 
of  copper  being  no  longer  able  to  maintain  this  balance,  the 
elements  of  the  acid  arrange  themselves  in  a  new  order:  for 
instance — ■  , 

Nitrosulph.  Ammon.         Sulph.  Copper.        Sulph.  Ammon.         Nitrosulph.  Copper. 

H4NO,  SO2NO2  +  6^^  =  H^NoTsOg  +  CuO,  SO2N62. 

But  the  nitrosulphate  of  copper  immediately  breaks  up  into  prot- 
oxide of  nitrogen  and  sulphate  of  copper;  CuO,  SOgNOg  becoming 
CuO,  SO3-I-NO.  Consequently  sulphate  of  copper  is  found  in 
the  liquid  at  the  close  of  the  reaction  apparently  unaltered. 


underwent  decomposition  bore  an  increasing  ratio  to  the  amount  of  peroxide 
of  barium  which  was  decomposed,  as  the  quantity  of  oxide,  or  of  chloride  of 
silver  was  increased.  In  no  case,  however,  was  the  amount  of  oxide  or  of 
chloride  of  silver  reduced  quite  equivalent  to  the  proportion  of  oxygen  elimi- 
nated from  the  peroxide  of  barium.  Prof.  Brodie  connects  these  experiments 
with  an  ingenious  speculation,  by  which  he  endeavours  to  account  for  the  simul- 
taneous liberation  of  oxygen  from  the  peroxide  of  hydrogen  or  of  barium  and 
from  the  oxide  of  silver,  and  which  he  applies  to  chemical  decompositions 
generally  :  he  supposes  that  the  'particles  of  the  same  element  may,  in  certain 
circumstances,  have  an  affinity  for  each  other : — that  for  example,  one  equi- 
valent of  the  oxygen  of  the  peroxide  of  barium  may  be  positive  in  its  relation 
to  the  oxygen  of  the  oxide  of  silver,  which  he  supposes  may  be  negative.  In 
such  a  case  the  two  particles  of  oxygen  would  mutually  attract  each  other, 
and  decomposition  of  both  the  oxides  would  be  the  result. 
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§    Q,.    INFLUENCE    OF    HEAT    UPON    CHEMICAL    AFFINITY. 

(864)  The  forces  wliich  have  as  yet  been  considered  do  not 
manifest  any  specific  effect  in  altering  the  amount  of  chemical 
affinity  between  any  two  bodies ;  but  it  is  quite  otherwise  in  the 
case  of  heat,  which  exerts  a  direct  influence  upon  the  degree  of 
affinity.  Elevation  of  temperature  generally  acts  at  once  in  aug- 
menting the  tendency  to  combination  between  the  bodies  which 
are  submitted  to  its  influence : — for  example,  sulphur  or  charcoal 
may  be  preserved  at  ordinary  temperatures,  in  air  or  in  oxygen, 
w  ithout  change,  for  an  indefinite  period  ;  but  if  sulphur  be  heated 
to  500°,  and  charcoal  to  a  point  a  little  below  a  red  heat,  oxidation 
commences,  and  proceeds  with  increasing  vigour,  and  the  pheno- 
mena of  combustion  occur.  But  although  a  rise  of  temperature 
exalts  the  action  of  chemical  affinity,  this  tendency  to  combination 
is,  at  the  same  time,  more  or  less  counteracted,  and  is  sometimes 
completely  overcome,  by  the  tendency  to  mutual  repulsion  which 
it  imparts  to  the  molecules  of  all  substances,  both  simple  and 
compound.  It  not  unfrequently  happens  that  a  moderate  eleva- 
tion of  temperature  produces  combination,  whilst  a  higher  tem- 
perature destroys  the  compound  so  formed.  A  good  instance  of 
this  kind  occurs  in  the  action  of  oxygen  upon  mercury:  at 
ordinary  temperatures  this  metal  shows  no  disposition  to  combine 
with  oxygen,  for  it  evaporates  in  air  and  condenses  again  in  the 
metallic  form ;  but  at  a  temperature  approaching  700°,  or  a  little 
above  the  boiling  point  of  the  metal,  it  combines  gradually  with 
oxygen  and  becomes  converted  into  the  red  oxide;  whilst  at  a 
heat  short  of  redness  it  is  decomposed  into  gaseous  oxygen  and 
vapour  of  mercury.  Again — baryta  at  a  red  heat  absorbs  a  second 
equivalent  of  oxygen,  forming  peroxide  of  barium,  but  the  second 
equivalent  of  oxygen  is  expelled  by  a  full  white  heat,  and  the 
compound  is  reconverted  into  baryta.  A  mixture  of  oxygen  and 
hydrogen  may  be  preserved  unchanged  at  ordinary  temperatures, 
but  the  introduction  of  a  glass  rod  heated  to  bare  redness  so 
completely  alters  their  mutual  affinity,  that  sudden  combination 
attended  with  explosion  is  the  result.  This  appears  to  be  as  pure 
a  case  of  alteration  of  affinities  as  can  be  met  with,  since  both  the 
components  are  thoroughly  mixed,  and  as  both  are  in  the  gaseous 
state,  heat  cannot  in  this  case  act  by  diminishing  cohesion, 
and  so  bringing  their  particles  into  more  intimate  contact. 
Mr.  Grove,  however,  has  shown  that  in  the  case  of  this  same 
compound  of  oxygen  and  hydrogen  a  sudden  inversion  of  affinity 
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takes  place,  for  at  an  intense  wliite  heat  they  are  separable  from 
each  other  :  by  the  voltaic  ignition  of  a  platinum  wire  under  water, 
or  by  the  intense  heat  of  a  ball  of  melted  platinum  raised  to 
whiteness  by  an  alcohol  flame  animated  by  a  current  of  oxygen, 
and  then  plunged  under  water,  the  two  gases  may  be  separated  from 
each  other  and  collected  in  the  gaseous  state  [Phil.  Trans.,  1847). 

Sometimes  the  decomposition  eff'ected  by  elevation  of  tem- 
perature is  only  partial ;  a  new  and  more  stable  compound  being 
formed,  which,  at  a  still  higher  temperature,  is  in  its  turn  decom- 
posed :  thus  olefiant  gas  at  a  full  red  heat  loses  half  its  carbon, 
and  is  converted  into  light  carburetted  hydrogen ;  and  this  gas,  if 
subjected  to  a  white  heat,  deposits  the  remainder  of  its  carbon 
whilst  pure  hydrogen  is  liberated.  Chlorate  of  potash  at  a 
moderate  heat  is  decomposed  into  perchlorate,  and  probably  into 
chlorite  of  potash ;  the  latter  salt,  however,  is  immediately 
resolved  into  oxygen  and  chloride  of  potassium  ;  but  at  a  higher 
temperature  the  perchlorate  in  its  turn  parts  with  its  oxygen,  and 
the  more  stable  chloride  of  potassium  is  the  final  result.  Nume- 
rous other  instances  of  this  kind  will  be  presented  to  the  reader 
when  the  products  of  organic  chemistry  are  examined. 

A  further  illustration  of  this  point  is  afforded  by  the  different 
products  which  are  furnished  by  the  combustion  of  the  same  body 
at  different  temperatures.  When  a  jet  of  cyanogen  is  burned  with 
a  free  supply  of  air,  the  only  products  of  the  combustion  are 
carbonic  acid  and  nitrogen  ;  but  if  a  coil  of  red-hot  platinum  wire 
be  suspended  in  a  mixture  of  equal  volumes  of  cyanogen  and 
oxygen,  the  nitrogen  undergoes  oxidation  as  well  as  the  carbon, 
deutoxide  of  nitrogen  being  formed,  as  is  evidenced  by  the  appear- 
ance of  ruddy  fumes,  owing  to  the  combination  of  the  deutoxide 
with  free  oxygen.  In  a  similar  manner,  ether,  when  burned  freely 
in  air,  produces  carbonic  acid  and  water,  641150,+  12  0=4  COg-t- 
5  HO ;  but  if  a  glowing  coil  of  platinum  wire  be  suspended  in  a 
mixture  of  the  vapour  of  ether  and  atmospheric  air,  several  new 
products  are  formed,  among  which  are  aldehyd  and  acetic  acid : — 

Ether.  Aldehyd. 

C^Ofi  +  20  =  CJl^a  +  HO;  and 

Ether.  Acetic  Acid. 

CjCo  +  40  =  C^H^O^  +  HO. 

(865)  Suspension  of  Chemical  Action  by  Depression  of  Tem- 
perature.— As  chemical  affinity  is  increased,  on  the  one  hand,  by 
elevation  of  temperature,  so,  on  the  other  hand,  it  is  diminished  by 
reduction  of  temperature.      Schrotter  has  shown  {Chemie,  vol.  I., 
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p.  i2^g)  thatj  by  a  sufficient  degree  of  cold,  chemical  combination 
may  be  prevented  even  between  bodies  which  at  the  ordinary 
temperature  of  the  air  unite  with  each  other  with  great  energy. 
Chlorine,  for  example,  combines  with  phosphorus,  or  with  finely- 
divided  metallic  antimony,  or  arsenic,  with  such  violence,  that  these 
bodies  take  fire  spontaneously  in  an  atmosphere  of  the  gas ;  but  if 
the  chlorine  be  cooled  down  to  — io6°  F.,  by  means  of  a  bath  of 
solid  carbonic  acid  and  ether  (18:2),  it  remains  liquid  at  the 
ordinary  pressure  of  the  air,  and  it  is  then  quite  indifferent  to  the 
phosphorus,  arsenic,  or  antimony,  if  these  substances  be  cooled  to 
the  same  temperature  before  they  are  added  to  the  liquid  chlorine. 
When  the  tube  in  which  the  mixture  is  contained  is  withdrawn 
from  the  cold  bath,  the  evaporation  of  the  chlorine  occurs  with  suffi- 
cient rapidity  to  preserve  the  temperature  below  the  point  of 
combination ;  but  if  the  free  escape  of  the  chlorine  be  prevented, 
the  temperature  rises,  and  combination  occurs  with  explosive 
violence.  The  mutual  action  of  chlorochromic  acid  and  alcohol, 
of  chlorine  and  ammonia,  of  iodine  or  of  bromine  and  phosphorus, 
and  various  other  actions  of  a  similar  nature,  may  be  prevented  in 
the  same  way. 

From  these  experiments,  and  from  those  detailed  in  the  fore- 
going paragraph,  it  appears  to  be  not  improbable  that  when 
two  bodies  have  an  affinity  for  each  other,  there  is  a  certain 
range  of  temperature  within  which  they  will  enter  into  combina- 
tion, but  if  the  temperature  be  raised  or  depressed  beyond  a 
certain  limit,  their  mutual  affinity  is  suspended ;  and  at  high  tem- 
peratures the  compound  already  formed  may  be  destroyed.  The 
temperature  most  favourable  for  combination  varies  with  each  pair 
of  bodies,  and  it  seems  to  be  probable  that  there  is  for  each,  a  cer- 
tain temperature  at  which  the  maximum  of  affinity  exists,  above 
or  below  which  it  decreases. 


§  III.  Influence  of  Electricity  on  Chemical  Affinity. 
Electrotyping,  Voltaic  Plating,  &c. 

(866)  The  suspension  of  chemical  action  which  occurs  under 
the  influence  of  electrical  induction  is  one  of  the  most  interesting 
circumstances  which  modern  discoveries  have  brought  to  light. 
As  an  instance  of  this  kind  we  may  cite  the  manner  in  which 
zinc,  when  placed  in  contact  with  copper  beneath  the  surface  of 
sea  water,  acts  in  preventing   the  corrosion  of  the   copper,  and 
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transfers  to  itself  the  chemical  energy  -which  would  otherwise  be 
manifested  upon  the  copper  (229).  A  similar  suspension  of 
chemical  action  is  produced  in  the  ordinary  case  of  the  decomposi- 
tion of  water  between  two  platinum  electrodes,  by  the  voltaic  cur- 
rent :  here  the  electricity  appears  to  act  by  weakening  or  rather  by 
partly  neutralizing  ordinary  affinity  in  one  direction,  whilst  it 
strengthens  or  adds  to  it  in  the  opposite,  and  hence  the  particles, 
which  were  previously  in  combination  with  each  other,  lose  their 
affinity  one  for  the  other,  and  acquire  it  for  those  particles  which 
are  next  adjacent  to  them  in  the  liquid ;  thus,  if  the  brackets  above 
the  subjoined  formulae  indicate  the  state  of  combination  of  the 
elements  of  hydrochloric  acid  before  the  passage  of  the  current,  the 
brackets  below  would  indicate  the  effect  produced  after  its  trans- 
mission, thus: — 


■t 


HCl     HCl     HCl     HCl 


Here  z  c  is  supposed  to  represent  the  battery,  and  p'  and  z'  the 
platinode  and  zincode  of  the  arrangement:  the  positive  electricity 
of  the  zincode  seems  to  detach  the  chlorine  adjacent  to  it  from  the 
hydrogen  with  which  it  was  previously  in  combination,  whilst  the 
negative  electricity  of  the  platinode  produces  a  similar  effect  upon 
the  contiguous  particles  of  hydrogen,  and  the  intermediate  por- 
tions are  polarized  in  the  manner  represented  in  the  foregoing 
diagram. 

The  following  modification  of  this  experiment  also  shows  in 
a  striking  manner  the  remarkable  influence  of  electric  polarity 
upon  chemical  affinity : — If  two  separate  glasses  filled  with 
dilute  sulphuric  acid,  be  placed  side  by  side,  and  into  one  glass 
the  platinode  of  the  battery  is  plunged,  whilst  the  zincode  dips 
into  the  other  cell,  no  decomposition  will  ensue  ;  but  if  a  con- 
nexion be  established  between  the  two  glasses  by  means  of  a  slip 
of  platinum  foil,  one  end  of  which  is  made  to  dip  into  each,  the 
current  will  be  immediately  transmitted  :  hydrogen  will  be  evolved 
upon  the  platinode  in  one  glass,  and  oxygen  upon  the  zincode  in 
the  other  glass  ;  whilst  owing  to  the  polar  condition  into  which  the 
connecting  slip  of  platinum  is  tlirown,  hydrogen  will  be  given  off 
from  one  end  of  the  slip,  and  oxygen  will  be  evolved  upon  the  other 
extremity  of  it,  although  the  metal  itself  experiences  no  sensible 
change. 


1110  ELECTROLYSIS    OF    SALINE    COMPOUNDS. 

(867)  Electrolysis  of  Salts. — It  has  already  been  stated  (247) 
that  when  a  binary  compound^   such  as   a  fused   chloride^  or   an 
iodide,,  is   submitted  to   electrolysis,   the    ions  or  components  of 
the  compound  are  separated  at  the  respective  electrodes  in  equiva- 
lent   proportions;  the   metal  appearing  at   the   platinode,   whilst 
the  chlorine,  or  corresponding  element,  is  deposited  at  the  zincode. 
Tf  the  zincode  of  the  battery  be  formed  of  a  substance  capable  of 
combining  with  the  chlorine  or  corresponding  element,  an  equiva- 
lent amount  of  the  chloride,  or  other  compound,  of  this  metal  will 
be  formed  there  :  when  the  metal  of  the  zincode  is  the  same  as  that 
contained  in  the  compound  which  is  undergoing   decomposition, 
the  original  compound   is  reproduced.       Thus,   if  a   quantity   of 
fused  chloride  of  silver  (AgCl)  be  decomposed  by  a  current,  which 
is  conducted  into  it  by  means  of  silver  wires,  the  quantity  of  the 
chloride  will  undergo  no  alteration ;  for  in  this  experiment  as  fast 
as  the  silver  is  deposited  upon  the  negative  wire  a  corresponding 
amount  of  silver  will   be  dissolved  from  the  positive  wire,  since 
the  latter  wire  combines  with  the  equivalent  quantity  of  chlorine, 
which  is  liberated  at  this  point.     Let  Ag-f-  represent  the  posi- 
tive silver  wire,  or  zincode,  by  which  the  current  is  conveyed  into 
the  melted  chloride,  and  Ag  —  the  negative  wire  :  if  the  brackets  in 
the  upper  row  of  symbols  which  follow  indicate  the  combination 
before  the  passage  of  the  current,  the  lower  ones  will  show  the 
arx'angement  after  the  occurrence  of  the  decomposition  : — 

-  Ag  I  A^^gClA^I  Ag  + 

AgAglciA^ClA^ClA^I 


An  examination  of  the  products  furnished  by  the  electrolytic 
decomposition  of  solutions  of  the  oxysalts  in  water,  exhibits  results 
which  appear  to  be  at  variance  with  the  statement  that  the  com- 
ponents of  an  electrolyte  are  separated  in  equivalent  proportions, 
but  further  investigation  shows  that  they  are  strictly  in  accordance 
with  it ;  these  experiments  also  lead  to  very  interesting  conclusions 
which  have  an  important  bearing  upon  the  theory  of  salts  in 
general. 

When  a  solution  such  as  sulphate  of  soda  is  submitted  to 
electrolysis,  a  quantity  of  acid  accumulates  around  the  positive 
plate,  and  of  alkali  around  the  negative  plate,  whilst  at  the  same 
time  both  oxygen  and  hydrogen  are  set  free.  The  proportions  of 
each  may  be  determined  by  means  of  a  diaphragm  apparatus,  in 
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nil 


which  the  products  of  decomposition  can  be  kept  separate  from 
each  other,  and  the  gases  which  are  evolved  can  be  separately 
collected.  Such  an  apparatus  was  contrived  by  Professor  Daniell, 
and  is  represented  in  fig.  321.  a  and  b  are  the  two  halves  of  a 
stout  glass  cylinder,  which  are  fitted  by  grinding  upon  a  hollow 
ring  of  glass,  c ;  the  two  rims  of  this  ring  are  ground  down  to 
a  grooved  shoulder,  so  as  to  allow  a  thin  piece  of  bladder  to  be 
tied  over  each  end  of  the  ring,  which  thus  constitutes  a  kind  of 
drum ;  at  K  is  a  small  hole  through  which  the  cavity  thus  formed 
can  be  filled  with  liquid ;  d  and  e  are  two  bent  glass  tubes  for 
carrying  off  the  gases  evolved  during  electrolysis ;  g  and  h  are  two 
large  platinum  electrodes,  which  pass  through  corks  in  the  necks  of 
the  cylinder,  and  can  be  connected  with  the  battery  by  means  of  the 

Fig.  321. 


wires,  /,  i.  The  apparatus  thus  forms  three  compartments,  which 
may  be  filled  with  liquid  for  experiment,  and  the  whole  may  be 
supported  in  a  frame  of  wood.  By  the  employment  of  this  appa- 
ratus, it  is  found  that  whilst  a  quantity  of  acid  accumulates  at  the 
zincode,  an  equivalent  amount  of  alkali  is  set  free  at  the  platinode. 
But  this  is  not  all,  a  quantity  of  gas  is  also  emitted  from  each 
electrode,  that  from  the  zincode  being  oxygen,  and  that  from  the 
platinode,  hydrogen.  Upon  placing  a  voltameter  in  the  course  of 
the  circuit,  it  is  found  that  a  quantity  of  gas  is  emitted  from  the 
saline  liquid,  exactly  equal  to  that  obtained  from  the  voltameter ; 
and  upon  neutralizing  the  acid  and  alkali,  they  likewise  are  in 
equivalent  proportions  to  the  gas  which  is  emitted  (Daniell,  Phil. 
Trans.,  1839  and  1840).  Suppose  that  the  gas  collected  in  the 
voltameter  amount  to  71  cubic  inches,  (or  the  quantity  yielded  by 
9  grains  of  water  at  60°  F.,  Bar.  =  30  inches.)  The  united  quantity 
of  oxygen  and  hydrogen  from  the  solution  of  sulphate  of  soda  would 
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be  the  same,  and  in  addition,  one  equivalent  in  grains,  or  71 
grains  of  sulphate  of  soda  would  be  decomposed;  31  grains  of 
soda  would  be  liberated  at  the  platinode,  and  40  grains  of  sulphuric 
acid  at  the  zincode.  Upon  substituting  a  voltameter  of  fused 
chloride  of  lead  in  the  circuit  for  one  containing  diluted  sulphuric 
acid,  and  still  continuing  to  transmit  the  current  through  the 
solution  of  sulphate  of  soda,  it  was  found  that  for  every  equivalent 
of  chloride  of  lead  which  was  decomposed,  i  equivalent  of  the 
mixed  gases  were  evolved  from  the  saline  solution,  and  at  the  same 
time  I  equivalent  of  the  sulphate  was  decomposed.  What  is 
observed  in  the  case  of  sulphate  of  soda  holds  good  also  with 
salts  of  the  alkalies  and  earths  generally. 

(868)  Bearing  of  Electrolysis  on  the  Binary  Theory  of  Salts. — 
It  is  a  fmidamental  law  of  voltaic  action,  that  the  amount  of 
force  circulating  in  any  circuit  at  the  same  time,  is  equal  in  every 
vertical  section  of  the  circuit,  and  consequently  its  decomposing 
energy  in  each  section  must  also  be  equal ;  yet  in  the  case  of  the 
sulphate  of  soda,  there  appears  to  be  in  the  saline  solution  twice 
the  amount  of  decomposition  that  occurs  in  the  adjacent  volta- 
meter, though  both  are  transmitting  the  entire  current  from  the 
battery.  A  satisfactory  and  complete  explanation  of  this  anomaly 
is  however  effected  by  the  binary  theory  of  salts  (454)  in  the 
following  manner  : — 

If  the  binary  theory  of  salts  be  true,  the  component  ions  of 
sulphate  of  soda  are  not  soda  and  sulphuric  acid  (NaO,  SO3),  but 
sodium  and  sulphion  (a  compound  of  4  equivalents  of  oxygen  and 
I  of  sulphur),  (Na,  SOJ,  the  compound  being  sulphionide  of 
sodium ;  and  such  it  proves  to  be  under  the  influence  of  electro- 
lysis, sodium  being  liberated  at  the  platinode,  whilst  sulphion 
appears  at  the  zincode.  Sodium,  however,  cannot  exist  in  the 
presence  of  water ;  the  metal  immediately  takes  oxygen,  and 
becomes  converted  into  soda;  Na-f  HO  =  NaO-f-H  :  the  alkali  is 
dissolved  in  the  liquid,  whilst  the  hydrogen  escapes  as  gas.  Sulphion 
is  equally  unable  to  exist  in  the  separate  form ;  it  combines  with 
hydrogen,  HO  +  SO^^O  +  H,  SO4,  while  oxygen  escapes,  and  sul- 
phuric acid  is  formed :  and  as  both  sodium  and  sulphion  are 
liberated  in  equivalent  proportions,  the  quantity  of  water  decom- 
posed is  also  equivalent  to  the  quantity  of  salt  electrolysed. 

On  the  foregoing  view,  therefore,  the  evolution  of  oxygen  and 
hydrogen  during  the  decomposition  of  saline  solutions  is  a  secondary 
action.  If  a  solution  of  a  salt  of  a  metal,  which  like  copper  or  lead 
does  not  decompose  water  at  ordinary  temperatures,  be  substituted 
for  one  of  sulphate  of  soda  as  the  electrolyte,  no  hydrogen  should  be 
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evolved,  but  the  metal  itself  should   appear  upon   the  platinode, 
whilst  if  the  other  constituent  of  the  salt  be  one  which  like  chlorine 
is  unable  to  take  hydrogen  from  water  at  common  temperatures, 
no  oxygen   should  be   emitted.      Accordingly,  upon  making   the 
experiment  with  a  solution  of  chloride  of  copper  or  of  chloride  of 
lead,  the  salt  is  resolved  into  metallic  copper  or  metallic  lead,  and 
chlorine  gas,  but  no  oxygen  or  hydrogen  is  liberated.   These  obser- 
vations will  explain  the  reason  that  although  water,  when  pure,  is 
scarcely  decomposed  by  the   current   from    loo  cells  or  upwards, 
yet  it  appears  instantly  to  become  a  good  electrolyte  on  the  addi- 
tion of  a  few  drops  of  acid,  or  of  solution  of  a  salt  of  an  earth  or 
an  alkali ;  for  upon  the  addition  of  the   salt  it  is  this  body  which 
is  decomposed,  and  the  water  is  then  resolved  into  oxygen   and 
hydrogen  by  a  secondary  action  in  the  manner   already  explained. 
Sulphuric  acid  in  solution  is  in  like  manner  resolved  into  hydrogen 
and  sulphion,  H,  SO4.  In  neither  case  is  the  water  directly  electro- 
lysed.     This  observation  also  explains  a  circumstance  which  much 
perplexed  the  earlier  experimenters  upon  the  chemical  action  of  the 
voltaic  pile.      In  all  experiments  in  which  water  was  decomposed, 
both  acid  and  alkali  were  invariably  found  to  be  liberated  at  the 
electrodes,  although  distilled  water  was  employed ;  and  hence  it  was 
believed   for  some  time  that  the  voltaic  current  had  some  mys- 
terious power  of  generating  acid  and  alkaline  matter.      The  true 
source  of  these   compounds,  however,  was  traced  by  Davy  [PhiL 
Trans.,  1807),  in  which  he  showed  that  they  proceeded  either  from 
impurities  contained  in  the  water  employed,  or  in  the  vessels  made 
use  of,  or  in  the  atmosphere  itself.      Having  proved  that  ordinary 
distilled  water  always  contains  traces  of  saline  matter,  he  distilled 
it  at  a  temperature  below  the  boiling  point,  in  order  to  avoid  all 
risk  of  carrying  over  salts  by  splashing :  he  found  that  when  he  used 
marble  cups  to  contain  the  water  for  decomposition,  the  acid  was 
the  hydrochloric,  and  the  alkali  was   soda   derived  from  chloride 
of  sodium  contained  in  the  marble  itself;   when  agate   cups  were 
used  to  contain  the  water  he  obtained   silica ;   and  when  he  used 
gold  vessels,  he  procured  nitric  acid  and  ammonia,  which  he  traced 
to  atmospheric  air  ;  by  operating  in  vacuo,  the  quantity  of  acid  and 
alkali  was  reduced  to  a  minimum,  but  the  decomposition  then  was 
almost  arrested,  although  he  operated  with  a  battery  of  50  pairs  of 
4. inch  plates.      Hence  it  is  manifest  that  water  itself  is  not   an 
electrolyte,  but  it  is  enabled  to  convey  the  current,  if  it  contain 
only  faint  traces  of  saline  matter. 

The  following  table  will  illustrate  the   manner  in  which  the 
oxysalts  may  be   classified  in  relation  to  their  mode  of  electric 


llli  CLASSIFICATION    OF    SALINE    ELECTROLYTES. 

decomposition ;  the  anion  indicating  tlie  electronegative,,  the  cathion 
the  electropositive  component : — 

A,  Simple    .     .     .  {  Simple  Amon       .......  Ug,  ci. 


*  \  Simple  Cathion 


m 

o 


B,  Complex 


.2    f 


1.  Simple  Anion 1  IVTT     Pi 

Compound  Cathion J  ^^-^14.  ^i- 

2.  Compound  Anion )  -ft-   o^n 

Simple  Cathion ]  ^'  ^'^4- 

3.  Compound  Anion )  ^tt    ^q 

•      Compound  Cathion ^1^14,  i^U6. 

1 .  Compound  Anion ")     -^j-     p^ 

Simple  Cathions 5  3  ^^a,  rUg. 

2.  Compound  Anion )   .-^     -rr  ^^T-^^  ^  -pr) 

Simple  and  Compound  Cathions.  ]  l^>a,ii,i>-tL4;>-f^8- 
\- 

When  monobasic  salts  are  the  subjects  of  electrolysis,  the  pro- 
portion of  acid  and  of  base  is  in  single  equivalents  :  thus,  nitrate 
of  potash  yields  1  equivalent  of  potash  and  i  of  nitric  acid  for  each 
equivalent  of  fused  chloride  of  lead  which  is  decomposed  in  the 
voltameter. 

When  a  polybasic  salt  is  submitted  to  electrolysis,  for  each 
equivalent  of  fused  chloride  of  lead  which  is  electrolysed  in  the 
voltameter,  an  equivalent  of  base  appears  at  the  platinode :  for 
example,  when  i  equivalent  of  the  tribasic  phosphate  of  soda  is 
decomposed,  3  equivalents  of  chloride  of  lead  are  reduced  in  the 
voltameter;  and  in  the  diaphragm  cell  3Na,  POg  yield  3  NaO 
+  3  H  at  the  platinode,  whilst  POg  +  3  O  are  liberated  at  the 
zincode.  When  the  pyrophosphate  of  soda  (2  NaPOy)  is  electro- 
lysed, 3  equivalents  of  chloride  of  lead  are  decomposed  in  the 
voltameter,  whilst  2  NaO  +  2  H  make  their  appearance  at  the  pla- 
tinode of  the  diaphragm  cell,  and  PO5  +  2  O  are  set  free  at  the 
zincode.  When  the  metaphosphate  of  soda  (Na,POg)  is  decomposed, 
I  equivalent  of  chloride  of  lead  is  electrolysed  in  the  voltameter, ' 
whilst  NaO  +  H  appears  at  the  platinode  of  the  diaphragm  cell,  and 
PO5  +  O  is  liberated  at  the  zincode.  In  each  case  the  phosphoric  acid 
thus  transferred  preserves  its  tribasic,  dibasic,  or  monobasic  cha- 
racter, according  to  the  nature  of  the  salt  which  was  electrolysed. 

The  results  of  the  electrolysis  of  the  monobasic  and  polybasic 
oxysalts,  it  will  thus  be  seen,  admit  of  a  simple  explanation  upon 
the  binary  theory.  The  results  of  the  decomposition  of  the  subsalts 
are  not  however  so  easily  reconciled  with  this  view.  According 
to  E.  Becquerel,  when  basic  salts  (or  subsalts)  are  decomposed,  for 
each  equivalent  of  chloride  of  lead  in  the  voltameter,  i  equivalent 
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of  acid  is  liberated  at  the  zincode,  whilst  all  the  equivalents  of 
base  which  were  previously  in  combination  with  the  acid  are 
liberated  at  the  platinode.  My  own  experiments  upon  this  point 
confirm  this  view,  although  from  a  numerous  series  of  trials  on 
the  subnitrites,  subnitrate,  and  subacetates  of  lead,  I  always 
obtained  a  smaller  quantity  of  oxide  of  lead  and  of  metallic  lead 
than  was  required  by  theory,  if  this  law  held  good ;  probably  this 
deficiency  was  due  to  the  secondary  action  of  the  solution  upon  the 
liberated  oxide.  When,  for  example,  the  triacetate  of  lead  (3  PbO, 
C4H3O3)  was  decomposed,  employing  as  the  electrodes  plates  of  lead 
instead  of  plates  of  platinum,  for  each  equivalent  of  acetic  acid  and 
oxygen  which  appeared  at  the  zincode,  somewhat  less  than  i  equi- 
valent of  metallic  lead  and  2  equivalents  of  oxide  of  lead  appeared 
at  the  platinode  :  thus,  the  salt  appeared  to  have  undergone  decom- 
position into  Pb,  1  PbO  and  0,11303,0.  It  is  difficult  to  reconcile 
the  idea  of  an  ion  consisting  of  Pb,  2  PbO*  with  the  binary  theory. 
The  most  probable  explanation  appears  to  be  this:  viz.,  that  the  oxide 
of  lead  is  attached  to  the  neutral  acetate  in  a  manner  analogous  to 
water  of  crystallization,  and  that  the  neutral  acetate  is  the  true  elec- 
trolyte, whilst  the  oxide  is  left  upon  the  electrode  in  the  insoluble  form, 
as  soon  as  the  acid  which  kept  it  in  solution  is  removed.  A  similar 
explanation  may  be  applied  to  the  case  of  other  soluble  subsalts. 

(869)  Unequal  transfer  of  Ions  during  Electrolysis. — A  curious 
circumstance  in  relation  to  the  proportion  in  which  the  ions  of 
the  electrolyte  travel  towards  the  respective  electrodes,  was  re- 
marked in  the  course  of  these  investigations  on  the  decomposition 
of  saline  solutions.  It  was  perhaps  natural  to  expect  that  if  a 
solution  underwent  electrolytic  decomposition,  for  each  equivalent 
of  the  compound  decomposed,  its  component  ions  should  be 
transferred  to  each  electrode  in  the  exact  proportion  of  half  an 
equivalent  of  each,  although  a  whole  equivalent  was  liberated  in  the 
manner  shown  at  No.  2,  in  the  scheme  which  follows : — 

A 


(I) 

Cu  Cu 
SO4  SO4 

Cu  Cu 
SO,  SO, 

(2)' 

-  Cu   Cu  C 
SO4S 

u  Cu     + 
0,  SO,  SO, 

(3) 

—  Cu  Cu 
SO, 

Cu  Cu 

SO,  SO, !  SO4+ 

A 

*  E.  Becquerel  considered  that  he  had  obtained  a  new  suboxide  of  lead  by 
the  electrolysis  of  its  subsalts,  but  this  appears  to  be  an  error.    It  is  a  mere 
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In  this  scheme  it  is  supposed  that  sulphate  of  copper  is  the  elec- 
trolyte^ each  particle  of  copper  represented  by  the  symbol  Cu^  being 
in  combination  with  the  particle  of  sulphion  represented  by  SO4  im- 
mediately beneath  it.  Let  a  a  indicate  the  position  of  a  diaphragm 
of  bladder  separating  two  equal  quantities  of  the  solution  which  in 
No.  I  are  supposed  to  be  in  their  normal  state.  Let  No.  2  repre- 
sent the  same  solution  after  it  has  undergone  electrolysis;  an  equi- 
valent of  copper  having  been  set  free  at  the  platinode^  and  one  of 
sulphion  at  the  zincode.  It  was  not  unnatural  to  expect  that  this 
result  would  have  been  attained  by  the  transfer  of  half  an  equivalent 
of  copper  into  the  division  containing  the  platinode^  whilst  half  an 
equivalent  of  sulphion  passed  towards  the  zincode^  in  the  manner  re- 
presented. Experiment,  however,  shows  that  such  a  supposition  is 
erroneous,  and  that  the  decomposition  more  commonly  happens  in 
the  mode  represented  in  No.  3,  in  which  case  a  whole  equivalent 
of  the  anion  is  transferred  to  the  zincode,  leaving  a  whole  equi- 
valent of  cathion  uncombined,  at  the  platinode.  Sometimes 
when  the  oxide  of  a  metal  is  soluble  in  water,  the  transfer  of  a 
small  quantity  of  the  cathion  takes  place  towards  the  platinode, 
but  the  quantity  of  the  cathion  and  the  anion  set  free  are  always 
in  equivalent  proportions  to  each  other  [Phil.  Trans.  1844,  P-  i*^)- 

(870)  Electrovection,  or  Electrical  Endosmose. — It  was  observed 
many  years  ago  by  Mr.  Porrett,  when  water  was  placed  in  a 
diaphragm  apparatus  one  side  of  which  was  connected  with  the 
positive,  and  the  other  side  with  the  negative  electrode  of  the 
battery,  that  a  considerable  portion  of  the  liquid  was  transferred 
from  the  positive  towards  the  negative  side  of  the  arrangement. 
It  has  since  been  found  that  the  same  result  occurs  in  a  minor 
degree  when  saline  solutions  are  electrolysed,  and  generally 
the  greater  the  resistance  which  the  liquid  offers  to  electrolysis 
the  greater  is  the  amount  which  is  thus  mechanically  carried  over. 
From  numerous  experiments  I  have  found  that  in  all  these  cases 
the  water  carries  with  it  a  proportion  of  the  salt  which  it  holds 
in  solution.  It  appears  from  the  researches  of  Wiedemann 
(Poggendorff,  Annah,  Ixxxvii.,  321),  that  the  amount  of  liquid  trans- 
ferred, cceteris  paribus,  is  proportioned  to  the  strength  or  intensity 
of  the  current;  that  it  is  independent  of  the  nature  and  thick- 
ness of  the  diaphragm  by  which  the  two  portions  of  liquid  are  sepa- 


mixture  of  metallic  lead  with  oxide  of  lead,  as  the  solution  of  neutral  acetate 
of  lead  quickly  dissolves  the  oxide  and  leaves  the  metallic  lead;  and  the  pro- 
portions of  oxide  to  the  metallic  lead  vary  according  to  the  nature  of  the  salt 
operated  upon. 
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rated ;  and  that  when  different  solutions  are  employed,  the  amount 
transferred  in  each  case  by  currents  of  equal  intensity,  is  directly 
proportional  to  the  specific  resistance  of  the  liquid. 

In  some  cases  I  have  found  a  transfer  from  the  negative  to 
the  positive  side  of  the  apparatus.  This  was  particularly  the 
case  with  solutions  of  sulphate  of  magnesia  and  of  sulphate  of 
zinc.  The  cause  of  this  transfer,  and  the  circumstances  which 
occasionally  produce  the  reversal  of  its  direction,  have  not  been 
satisfactorily  explained,  and  the  subject  needs  further  investigation. 

Acids,  whether  they  be  soluble  in  water  or  not,  always  travel 
towards  the  zincode  in  proportions  larger  than  the  metals  which 
are  united  with  them  pass  towards  the  platinode. 

(871)  Secondary  results  of  Electrolysis.  —  The  explanation 
already  given  of  the  mode  in  which  the  oxysalts  are  electrolysed 
was  happily  applied  by  Professor  Daniell  to  the  elucidation  of  the 
origin  of  the  voltaic  power,  in  a  combination  contrived  by 
M.  Becquerel  (230)  which  presents  many  interesting  peculiarities. 
If  a  porous  tube  filled  with  nitric  acid  be  plunged  into  a  vessel 
containing  a  solution  of  potash,  and  the  wires  of  a  galvanometer, 
armed  with  platinum  plates,  be  plunged  one  into  the  nitric  acid, 
and  the  other  into  the  alkaline  solution,  a  current  will  circulate ; 
oxygen  will  be  emitted  from  the  plate  immersed  in  the  potasL, 
and  nitrous  acid,  owing  to  the  absorption  of  hydrogen  by  the 
nitric  acid,  will  be  formed  around  the  other  plate,  whilst  nitrate 
of  potash  is  slowly  produced  by  transudation  of  the  two  liquids 
through  the  pores  of  the  diaphragm.  By  connecting  several  of 
these  cells  together  in  succession,  upon  the  principle  of  the  ordinary 
battery,  the  power  may  be  considerably  augmented.  The  decom- 
position which  appears  to  occur  is  represented  by  the  following  sym- 
bols, in  which  H,  NOg  indicates  the  nitric  acid,  and  KO  the  potash  : 
the  position  of  the  brackets  above  the  symbols  indicates  the  arrange- 
ment before  the  current  is  established,  whilst,  after  its  passage,  the  ar- 
rangement is  supposed  to  be  that  indicated  by  the  brackets  beneath: — 

hTnOb  H^Oe  KO  KO 


It  is  particularly  to  be  observed  that  no  development  of  oxygen 
or  of  hydrogen  occurs  upon  the  platinum  plates  until  the  two 
plates  are  united  by  a  conducting  wire,  and  it  ceases  as  soon 
as  the  conducting  communication  between  the  plates  is  interrupted, 
although  the  combination  of  the  potash  with  the  nitric  acid  con- 
tinues; but  the  polar  arrangement  of  the  particles  is  interfered  with. 

4  c 
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The  secondary  action  of  nitric  acid  on  tlie  hydrogen  which  is 
set  free  is  necessary  to  the  development  of  the  current.  If 
sulphuric  acid  be  substituted  for  nitric^  the  hydrogen  is  not 
absorbed,  and  no  current  is  obtained,  as  it  is  neutralized  by  the 
counter  current  which  the  accumulation  of  the  hydrogen  upon  the 
platinum  plate  tends  to  produce  (231). 

The  secondary  actions  of  the  voltaic  current  are  often  of  great 
importance ;  they  require  to  be  carefully  distinguished  from  its 
primary  effects.  Secondary  results  are,  in  some  instances,  produced 
by  the  action  of  the  liberated  components  of  the  electrolyte  upon 
the  materials  employed  as  electrodes :  thus,  if  a  slip  of  copper  be 
substituted  for  platinum,  as  the  zincode  of  the  battery,  and  be 
immersed  in  dilute  sulphuric  acid,  sulphate  of  copper  will  be 
formed  by  the  combination  of  the  copper  with  the  disengaged  sul- 
phion.  At  other  times,  the  secondary  results  are  manifested  by 
the  reaction  of  the  ion  upon  the  liquid  in  which  the  electrolyte 
is  dissolved,  as  when  the  potassium  or  sodium,  set  free  at  the 
platinode  in  an  aqueous  solution  of  its  salts,  liberates  hydrogen 
by  removing  oxygen  from  the  water.  In  the  cases  just  cited,  the 
affinities  of  the  disengaged  ions  are  very  intense,  and  the  secondary 
action  is  exactly  proportioned  to  the  primary,  so  that  it  may  be 
employed  as  a  measure  of  the  current :  but  when  the  tendency 
to  combination  is  more  feeble,  the  proportion  of  these  secondary 
actions  to  the  primary  one  is  greatly  influenced  by  the  extent  of 
surface  exposed  by  the  electrode  to  the  liquid,  and  the  energy 
of  the  current,  and  consequent  quantity  of  the  ion  disengaged  at 
once.  Generally,  the  slower  the  action,  and  the  larger  the  surface 
of  the  electrode,  the  more  uniform  and  complete  is  the  secondary 
action.  These  results  are  well  exemplified  by  Bunsen^s  researches 
on  the  isolation  of  the  more  oxidizable  metals  by  the  voltaic  cur- 
rent. If  a  thin  platinum  wire  be  used  as  the  platinode  in  a  solu- 
tion of  chloride  of  chromium,  to  convey  the  current  from  4  or  5 
cells  of  the  nitric  acid  battery,  metallic  chromium  may  be  obtained 
without  difficulty ;  but  if  a  plate  of  platinum  be  employed,  oxide  of 
chromium,  mixed  with  a  certain  amount  of  hydrogen,  is  liberated ; 
in  the  latter  case  the  metal  has  time  to  decompose  the  water  before 
fresh  particles  of  chromium  are  deposited  upon  its  surface. 

In  consequence  of  these  secondary  actions,  the  same  element 
may  sometimes  appear  at  one  electrode,  sometimes  at  the  other, 
as  is  seen  in  the  case  of  nitrogen :  if,  for  instance,  a  solution  of 
sulphate  of  ammonia  be  submitted  to  electrolysis,  it  yields 
hydrogen  at  the  platinode,  and  a  mixture  of  nitrogen  with  oxygen 
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is  set  free  at  tlie  zincode.  The  nitrogen  in  this  case  is  a  secondary 
result  of  the  combination  of  a  portion  of  the  oxygen  with  the 
hydrogen  of  the  ammonia.  If  nitrate  of  ammonia  be  substituted 
for  the  sulphate,  nitrogen  appears  among  the  gaseous  products  at 
both  electrodes,  the  nitric  acid  being  deprived  of  its  oxygen  by 
the  hydrogen  evolved  at  the  platinode,  and  the  ammonia  of  its 
hydrogen  by  the  oxygen  set  free  at  the  zincode. 

If  a  solution  of  acetate  of  lead  be  employed  as  the  electrolyte, 
the  acetic  acid  undergoes  partial  decomposition  from  the  action  of 
the  oxygen  upon  it  at  the  moment  of  its  liberation  at  the  zincode, 
but  at  the  same  time  a  portion  of  the  oxygen  also  enters  into 
combination  with  some  of  the  oxide  of  lead  contained  in  the 
liquid,  and,  as  Mr.  Warington  proved,  a  deposit  of  peroxide  of  lead 
is  produced.  Nobili,  who  first  observed  this  phenomenon,  found 
that  if  a  polished  steel  plate  be  employed  in  such  a  solution  as  the 
zincode  to  the  battery  (4  or  6  cells  of  Grovels  may  be  employed),  the 
deposit  assumes  the  form  of  a  thin  film,  which  exhibits  the  iridescent 
tints  of  Newton^s  scale,  the  tints  varying  according  to  the  thick- 
ness of  the  film  produced.  Other  experimentalists  have  modified 
the  patterns  which  may  be  obtained  by  these  met  alio  chr  omes ,  which 
have  even  been  applied  by  Becquerel  to  the  imitation  of  the  tints  of 
flowers  j  and  by  varying  the  strength  of  the  battery  and  of  the 
solutions  employed,  he  has  succeeded  in  producing  some  effects  of 
great  delicacy  and  beauty.  Salts  of  manganese  or  of  bismuth 
may  be  substituted  for  those  of  lead,  with  similar  results. 

Many  of  these  secondary  actions  are  very  interesting  :  Kolbe 
has  devoted  particular  attention  to  the  effects  of  oxygen  when 
liberated  during  electrolysis  [Proceedings ^  Chem.  Soc,  III.,  285, 
and  Quart.  Journ.  Chem.  Soc,  II.,  157).  Hydrochloric  acid,  espe- 
cially when  previously  mixed  with  sulphuric  acid,  is  in  this  manner 
partially  converted  around  the  zincode  into  chloric  and  perchloric 
acids ;  and  in  an  acid  solution  of  chloride  of  potassium,  chlorate  and 
perchlorate  of  potash  are  formed.  Cyanide  of  potassium  in 
solution,  when  subjected  to  the  voltaic  current,  is  in  like  manner 
converted  into  the  cyanate.  A  concentrated  solution  of  chloride  of 
ammonium  evolves  hydrogen  at  the  platinode,  but  the  chlorine, 
instead  of  being  liberated  at  the  zincode,  acts  upon  the  chloride  of 
ammonium,  and  forms  oily  drops  of  chloride  of  nitrogen,  which 
explode  when  touched  by  the  opposite  electrode.  Mr.  Smee  has 
shown  that  by  means  of  the  voltaic  current  the  yellow  prussiate 
may  be  converted  into  the  red  prussiate  of  potash.  M.  Kolbe 
has^  further,  ascertained  the  effect  of  the  liberated  oxygen  upon 

4  c  2 


1120  NASCENT    STATE    OF    BODIES. 

various  organic  compounds,  and  by  submitting  valerianate  of  potasli 
to  electrolysis  lie  decomposed  the  valerianic  acid  (HO,  C10H9O3) 
which  it  contains,  and  succeeded  in  obtaining  from  it  a  new  sub- 
stance, valyl,  CgHg  (or  more  properly  butyl) ;  a  new  ether,  CgHgO, 
duty  lie  ether,  and  a  carbo-hydrogen  (CgHg),  apparently  identical 
with  oil  gas  (405)  :  and  by  a  similar  process  from  acetic  acid  (HO, 
C4H3O3)  he  obtained  methyl,  C2H3,  the  analogue  of  butyl.  Par- 
ticular interest  is  attached  to  these  researches,  owing  to  the 
circumstance  that  in  each  case  the  compounds  obtained  by  the 
electrolysis  belong  to  a  series  related  to  an  alcohol  different  from 
that  which  was  submitted  to  decomposition.  The  valerianic  acid 
thus  yields  an  ether  of  the  butylic  series ;  and  acetic  acid,  which 
is  a  derivative  of  wine  alcohol,  furnishes  the  carbo-hydrogen  which 
belongs  to  the  wood  spirit  series. 

(872)  Nascent  state  of  Bodies. — It  is  obvious,  from  the  power- 
ful effect  which  oxygen  produces  at  the  moment  of  its  liberation 
from  compounds  during  electrolytic  decomposition,  that  such 
oxygen  must  be  in  a  condition  very  different  from  that  in  which 
it  exists  when  once  it  has  assumed  the  gaseous  form.  Oxygen  is 
not  insoluble  in  water,  and  it  is  therefore  possible  to  bring  it  in 
small  quantities  at  a  time  into  chemical  contact  with  salts  or  other 
bodies  which  water  may  hold  in  solution.  Oxygen  gas  may, 
however,  be  transmitted  for  an  unlimited  time  through  a  solution 
of  chloride  of  potassium  without  effecting  the  conversion  of  any 
portion  of  the  chloride  into  chlorate,  or  into  perchlorate  of  potash  ; 
and  3^et,  as  has  been  mentioned  in  the  foregoing  paragraph,  this 
change  is  easily  effected  by  oxygen  as  it  escapes  during  the  elec- 
trolysis of  an  acidulated  solution  of  the  chloride  of  potassium. 
But  it  is  not  necessary  that  oxygen  should  be  liberated  by  the 
agency  of  the  voltaic  battery  in  order  that  it  should  acquire 
this  increase  of  activity.  If  hydrated  protoxide  of  nickel,  or 
protoxide  of  cobalt,  be  suspended  in  a  solution  of  potash,  it  will 
undergo  no  change  when  subjected  to  a  current  of  oxygen  gas; 
but  if  a  current  of  chlorine  be  substituted  for  the  oxygen,  the 
whole  of  the  metallic  oxide  will  be  converted  into  a  brown  sesqui- 
oxide  :  this  change  arises  from  the  action  of  the  chlorine  upon  the 
potash,  during  which,  chloride  of  potassium  is  formed,  whilst  oxygen 
is  set  free,  and,  at  the  moment  of  its  liberation,  attaches  itself  to 
the  oxide  of,  nickel  or  of  cobalt;  KO  +  CI  +  2  NiO  =  KC1  + 
Ni203.  Other  substances  besides  oxygen  exhibit  this  peculiarity, 
and  chemists  have  long  recognised  the  fact,  that  bodies,  when  in 
this  nascent  state,  that  is  to  say,  when  in  the  act  of  liberation 
from  other  substances,  display  more  energetic  affinities  than  they 


NASCENT    STATE    OF    BODIES.  1121 

show  when  once  obtained  in  the  isolated  form : — For  example, 
cyanogen  and  chlorine  do  not  enter  directly  into  combination ; 
but  if  cyanogen,  at  the  instant  that  it  is  set  free  from  another 
compomid,  be  presented  to  chlorine,  the  two  bodies  combine ;  thus 
if  moist  cyanide  of  mercury  be  decomposed  by  means  of  cldorine, 
chloride  of  cyanogen  may  be  obtained  :  the  chlorine  removes  the 
mercury  step  by  step,  and  the  cyanogen,  at  the  moment  of  its 
liberation,  enters  into  combination  with  another  portion  of  chlorine. 
In  a  similar  manner,  sulphur,  when  set  free  from  an  alkaline  per- 
sulphide  in  the  midst  of  a  solution  of  hydrochloric  acid,  combines 
with  hydrogen,  and  forms  persulphide  of  hydrogen,  KS5H-HC1  = 
KCl  +  HSj,  the  chlorine  taking  the  potassium,  whilst  the  sulphur 
and  the  hydrogen,  both  in  the  nascent  state,  unite  to  form  a  new 
compound,  although  their  affinity  is  so  slight  that  this  compound 
spontaneously  separates  into  sulphuretted  hydrogen  and  free 
sulphur.  The  process  of  double  decomposition  is  particularly  appli- 
cable in  cases  where  the  mutual  affinity  of  the  bodies  which  it  is 
desired  to  obtain  in  combination  is  comparatively  feeble.  It  is 
not  impossible  that  this  superior  chemical  activity  of  bodies  in  the 
nascent  state  may  arise  from  the  fact  that  their  particles  are  indivi- 
dually electrified  at  the  moment  of  their  separation  from  a  previous 
state  of  combination;  and  that  in  this  condition  they  may  exert 
upon  the  particles  of  dissimilar  contiguous  matter,  a  force  of  induc- 
tion which  may  be  the  agent  that  determines  their  chemical  com- 
bination :  if  by  a  process  of  double  decomposition  the  particles  of 
both  compounds  were  oppositely  electrified,  combination  might  be 
expected  to  be  proportionably  facilitated  : — For  instance,  if  a  solu- 
tion of  sulphide  of  potassium  and  one  of  chloride  of  copper  be 
mixed,  they  will  mutually  decompose  each  other,  the  sulphur  being 
negative,  will  tend  to  combine  with  the  positive  copper,  and  the 
positive  potassium  will  unite  with  the  negative  <ihlorine.  If  the 
brackets  in  No.  i  represent  the  mode  in  which  the  molecules  are 
arranged  on  the  instant  of  mixture  previous  to  decomposition, 
those  in  No.  2  will  illustrate  the  arrangement  of  the  molecules 
after  mutual  decomposition  has  been  effected : — 

,  ,   K  S  Cu  CI  ,  (K  S  Cu  CO    .  , 

(^)   CI  Cu  S  K  ^^^""^^  [ci  Cu  S  Kj    ('^ 

-+-+  _+_  + 

(873)  Theory  of  the  Electrical  Origin  of  Chemical  Affinity. — It 
has  already  been  remarked  (214,  225)  that  whenever  two  dissimilar 
substances^   electrically  insulated,  are   brought  into  contact,  and 
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are    separated    from  eacli  other,   disturbance   of   their    electrical 
equilibrium  is  produced ;    one  of  the  bodies  becoming  negatively 
electrified,  whilst  the  other   indicates  a  corresponding  charge   of 
positive  electricity.      It  is  a  well  ascertained  fact  that  certain  sub- 
stances, by  friction,  acquire  one  kind  of  electricity  more  readily 
than  the  other ;  thus,   for  example,  sulphur,   when  rubbed  upon 
flannel  or  fur,  becomes  negatively  electric,   whilst   glass,  on  the 
other  hand,  most  readily  assumes  the  positive  state.      What  has 
been  proved  to  occur  when  masses  of  matter  are  brought  into  contact 
was  supposed   by  Davy  [Phil.  Trans.,  1807),  to  happen  also  when 
the  molecules  of  two  dissimilar  substances  are  brought  within  the 
sphere  of  mutual  activity ;  he  assumed  ^  that,  chemical  and  elec- 
trical attractions  depend  upon  the  same  cause,  acting  in  one  case 
on  particles,  in  the  other  on  masses  of  matter^  {Phil.  Trans.,  i82<5, 
p.  389);  and  all  the  phenomena  of  chemical  affinity  have  been  referred 
to  the  exertion  of  mutual  electrical  attraction  between  the  atoms  of 
each  substance  in  the  compound.    When,  for  example,  chlorine  and 
potassium  are  united,  it  is  supposed  that  each  atom  of  chlorine,  by 
contact  with  an  atom  of  potassium,  becomes  negatively  electrified, 
whilst  the  potassium  becomes  positively  excited ;  a  certain  portion 
of  the  positive  electricity  from  the  chlorine  uniting  with  a  corre- 
sponding amount  of  negative  electricity  which  is  liberated  from  the 
potassium,   thus  producing  the  light  and  heat  which  attends  the 
combination  of  these  two  bodies  (Berzelius).   Supposing  each  atom 
of  both  kinds  of  matter  to  be  associated  with  equal  quantities  of 
both  electricities,  and  that  the  two  different  electricities  be  repre- 
sented by  the  signs  +  and  — ,  we  may  represent  the  potassium  and 
chlorine  by  symbols;   ( —  K  +)  indicating  an  atom  of  potassium, 
and  ( —  CI  +)  an  atom  of  chlorine.     As  soon  as  the  two  bodies 
are  brought  into  contact,  it  is  supposed  that  the  chlorine  loses  a 
certain  amount  of  positive  electricity,  whilst  the  potassium  loses  an 
equal  quantity  of  negative  electricity,  the  change  being  symbolized 
thus,  ( +  KCl  — )  and  ( H ).   When  the  chloride  of  potassium  is  de- 
composed electrolytically,  a  quantity  of  positive  electricity  is  trans- 
ferred from  the  positive  wire   of  the  battery  to  the  chlorine,  and 
compensates  for  that  which  it  has  lost ;  and  when  this  amount  of 
electricity  has  been  restored,  the  chlorine  no  longer  has  any  ten- 
dency  to  remain  in  combination  with  the  potassium,  and  hence 
it  is  set  free  upon  the  positive  plate,  whilst  a  simultaneous  transfer 
of  negative  electricity  to  the  potassium  occurs  from  the  negative 
plate,    and  the   alkaline    metal    is   therefore  liberated   upon   the 
negative  side  of  the  arrangement.      The  electricity  which  is  set  free 
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by  the  battery  is  supplied  by  the  action  of  the  sulphion  upon  the 
zinc,  in  the  cells  of  which  the  battery  consists. 

The  remarkable  law  discovered  by  Faraday,  that  the  same 
current  of  electricity,  when  transmitted  successively  through 
various  electrolytes,  decomposes  each  in  the  proportion  of  their 
respective  chemical  equivalents  (347,  4)  adds  greatly  to  the  pro- 
bability of  the  supposition  that  electrical  and  chemical  phenomena 
are  due  to  different  manifestations  of  the  same  agent.  So  strong 
was  DanielFs  conviction  upon  this  point,  that  he  applied  the  term 
current  affinity  to  the  voltaic  current ;  since  by  means  of  the  proper 
application  of  conductors,  or  channels  for  the  force,  the  chemical 
affinity  of  a  portion  of  zinc  and  sulphuric  acid  at  one  point  could 
be  transferred  to  a  distant  spot,  and  could  there  be  made  to  effect 
an  equivalent  amount  of  chemical  decomposition  upon  a  different 
compound.  The  chemical  equivalent  of  any  substance  upon  the 
electro-chemical  theory,  is  that  quantity  of  each  body  which  is  asso- 
ciated with  an  amount  of  electricity  equal  to  that  associated  with 
a  given  weight  of  some  substance,  such  as  hydrogen,  which  is 
selected  as  the  standard  of  comparison ;  the  proportion  of  electricity 
which  is  associated  with  a  given  weight  of  any  substance  being 
inversely  as  its  atomic  weight.  Assuming  the  specific  electricity 
of  hydrogen  to  be  represented  by  the  arbitrary  number  looo,  the 
following  is  given  by  Daniell  {Introd.  to  Chem.  Phil.,  2nd  Ed., 
p.  687)  as  an  approximative  table  of  the  specific  electricity  (or 
quantity  of  electricity  associated  with  equal  weights)  of  a  few  of  the 
more  important  elements  and  compounds : — 


Cathions. 


Hydrogen 
Potassium 
Sodium  . 
Zinc  .  . 
Copper  . 
Ammonia 
Potash  . 
Soda  .  . 
Lime  .     . 


Equiva- 

Specific 

lent. 

Electricity.  1 

1 

I'O 

lOOO 

39*2 

25 

2^'^ 

43 

32-5 

31 

31-6 

31 

170 

58 

47-2 

31 

31-3 

32 

28-5 

35 

Anions. 


Oxygen    . 
Chlorine  . 
Iodine 
Bromine  . 
Fluorine  . 
Cyanogen 
Sulphuric  Acid 
Nitric  Acid  . 
Chloric  Acid 


Equiva- 
lent. 


8-0 

35'5 
1260 

78-3 
i8-7 
26*0 
40-0 
540 
755 


Specific 
Electricity, 


125 

% 

12 

55 
38 
25 
18 

13 


Ingenious,  however,  as  is  the  electrical  theory  of  chemical 
affinity,  it  must  be  admitted  that  it  is  far  from  being  free  from 
objection  and  difficulty  when  it  is  attempted  to  apply  it  to  all 
cases  of  chemical  action.  It  has  been  already  stated  that  a  very 
large  number  of  bodies  exist  which  are  not  susceptible  of 
electrolysis.     Indeed,  the  chief  classes  of  electrolytes  are  :  i,  binary 
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compounds  of  the  non-metallic  elements  with  the  metals^  such  as 
the   oxides,    chlorides,  iodides,    bromides,   and   fluorides;  2,  com- 
pounds of  bodies    like  cyanogen    with  the  metals,  such   as  the 
cyanides  and  the  sulphocyanides ;  and  3,  compounds  of  the  metallic 
oxides  with  the  oxyacids,  such  as  the  nitrates,  sulphates,  borates, 
carbonates,    acetates,   tartrates,  &c.        Now,  so^long  as  a    com- 
pound consists  of  two  elements  only,  if  it  be  decomposed  at  all, 
there  is  no  difficulty  in  anticipating  the  result  of  the  voltaic  action ; 
— the  electro-negative  element  will  appear  at  the  zincode,  and  the 
electro-positive  element  at  the  platinode ;  yet  there  are  binary  com- 
pounds which  are  not  electrolysable,  such,  for   instance,  as  pure 
water,  and  chloride  of  sulphur.   If  their  particles  be  united  by  electric 
opposition,  why  should  they  not  yield  to  the  current  ?    In  the  case 
of  more  complex  bodies,  such,  for  example,  as  nitrate  of  silver,  or 
borate  of  lead,  it  is  not  possible,  a  priori,  to  say  how  the  compound 
would  yield  under  the  electric  influence.      It  is  quite  clear  in  the 
case  of  a  salt,  that  the  power  which  holds  together  the  two  ions  of 
the  salt  in  the  form  of  two  iso-electrlc  groups  (or  groups  of  equal 
electric   energy),   must  be   of  a  difierent  order  from  that  which 
holds  the   elements  of  its  component  ions  in  combination.      The 
tie  which  binds  together  nitrate  of  silver  as  Ag,N06,  must  be  of  a 
different  order  to  that  which  unites  the  elements  of  nitrion  (NOg) 
together.      Sulphate  of  soda,  again,  as  an  electrolyte  is  separated 
into  Na  and  SO^.      But  neither  nitrion  nor  sulphion  can  exist  in 
the  separate  form  ;  how  can  they  become  associated  under  electric 
influence  ?     Again,  SO3,  anhydrous  sulphuric  acid,  is  not  an  elec- 
trolyte when  fused  :  the  same  thing  may  be  said  of  fused  boracic 
acid  ;  and  examples  of  this  kind  might  be  multiplied  almost  without 
limit.     Why,  if  chemical  affinity  be  due  to  the  exertion  of  electric 
action,  should  certain  bodies  be  readily  decomposable  by  the  voltaic 
current,  and  why  should  others  of  less  complex  composition  resist 
it  entirely  ?    At  present,  no  hint  appears  to  have  been  given  which 
throws  any  satisfactory  light  upon  these  questions. 

Practical  Applications  of  Electrolytic  Action. 

(874)  Electrotype,  Voltatype,  or  Galvano-Plastics. — Professor 
Daniell,  shortly  after  his  invention  of  the  constant  battery,  ob- 
served that  copper  deposited  upon  a  plate  of  platinum  furnished  a 
coherent  sheet,  in  which  the  lines  and  irregularities  on  the  surface 
of  the  platinum  were  faithfully  reproduced  upon  the  deposited 
copper,  but  he  made  no  practical  application  of  the  observation. 
In  the  year  1839,  M.  Jacobi,  of  St.  Petersburg,  announced  that 
he  had  discovered  a  method  of  making  exact  copies  of  a  metallic 
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surface  in  copper  by  means  of  the  voltaic  battery,  and  shortly 
afterwards  Messrs.  Spencer  and  Jordan,  who  had  each  indepen- 
dently arrived  at  a  similar  result,  published  the  methods  which 
they  had  employed  for  the  attainment  of  this  object.  The  pro- 
cesses thus  disclosed  were  so  simple  and  easy  of  execution  that 
they  were  immediately  repeated  with  success,  and  in  the  following 
year  Mr.  Elkington  in  England,  and  M.  Euolz  in  France,  began  to 
apply  the  voltaic  battery  on  an  extensive  scale  to  the  arts  of 
plating  and  gilding.  Since  this  period  the  voltaic  battery  has 
been  most  extensively  employed  as  a  means  of  depositing  not  only 
copper,  gold,  and  silver  from  their  solutions,  but  zinc,  tin,  lead, 
platinum,  and  nickel :  many  other  metals  have  also,  for  particular 
purposes,  been  reduced  from  their  salts  by  its  means. 

For  the  deposition  of  metallic  copper,  a  solution  of  the  sulphate 
of  this  metal  is  employed,  but  the  mode  of  using  it  varies  with 
the  object  in  view.  Suppose  that  it  be  desired  to  obtain  a  copy  of 
au  engraved  copper  plate ;  a  wire  or  slip  of  copper  having  been  sol- 
dered to  the  plate  for  the  purpose  of  facilitating  its  connexion  with 
the  battery,  the  back  of  the  plate  is  covered  with  a  resinous  varnish, 
by  which  means  this  surface  is  electrically  insulated  from  the 
solution,  and  it  is  thus  protected  from  any  deposit  of  reduced  metal. 
The  plate  thus  prepared  is  connected  with  the  negative  electrode  of 
a  voltaic  battery,  consisting  of  3  or  4  of  Smee^s  or  DanielFs  cells, 
and  immersed  vertically  in  a  bath  consisting  of  a  saturated  solution 
of  sulphate  of  copper.  A  sheet  of  copper,  equal  in  size  to  the  one 
to  be  copied,  is  suspended  parallel  to  the  latter  in  the  liquid,  and 
connected  with  the  positive  electrode  of  the  battery  ;  an  immediate 
decomposition  of  the  solution  ensues ;  metallic  copper  is  deposited 
upon  the  entire  surface  of  the  negative  plate,  in  the  form  of 
a  coherent,  continuous  sheet,  and  a  corresponding  amount  of 
copper  is  dissolved  from  the  positive  plate,  so  that  the  liquid 
remains  constantly  charged  with  an  equal  quantity  of  sulphate  of 
copper.  At  the  commencement  of  the  operation,  care  must  be 
taken  to  ascertain  that  the  deposit  occurs  uniformly  over  the  whole 
surface  of  the  negative  plate,  as  if  any  portion  of  it  be  soiled 
by  grease  or  resinous  matter,  the  copper  will  not  be  thrown 
down  upon  those  parts ;  when  once  the  deposition  has  commenced 
uniformly,  it  goes  on  without  difficulty.  If  the  plates  be  sus- 
pended vertically  the  solution  should  be  frequently  agitated,  for 
unless  this  precaution  be  taken,  the  liquid  around  the  negative  plate 
becomes  impoverished,  whilst  that  around  the  positive  plate 
becomes  unduly  saturated  with  the  copper  salt  (869) ;  currents 
are  then  produced  in  the  liquid,  owing  to  its  unequal  density,  and 
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they  occasion  the  formation  of  vertical  grooves  and  strise  upon  the 
back  of  the  sheet  of  deposited  metal.  This  inconvenience  is 
sometimes  obviated  by  supporting  the  two  plates  in  the  bath  in  a 
horizontal  position,  the  negative  plate  being  undermost ;  the  posi- 
tive plate  must  in  this  case  be  enveloped  in  flannel,  in  order  to 
prevent  the  small  particles  of  metal,  which  are  constantly  being 
detached  from  it,  from  falling  upon  the  lower  plate,  and  interfer- 
ing with  the  regularity  of  the  deposition. 

The  deposit  varies  in  hardness  and  coherence  according  to  the 
number  of  cells  employed  in  the  battery,  the  relative  size  of  the 
plates  of  the  battery  and  those  of  the  depositing  cell^  and  the 
temperature  and  degree  of  concentration  of  the  solution.  The 
more  slowly  the  action  takes  place  if  the  solution  be  concentrated, 
the  harder  and  more  crystalline  is  the  deposit.  By  modifying  the 
power  of  the  battery,  and  the  strength  of  the  solution,  in  the 
manner  which  experience  soon  indicates,  copper  may  be  obtained 
of  any  desired  degree  of  toughness. 

When  the  deposit  has  acquired  the  necessary  thickness,  it  is 
detached  at  its  edges  from  the  original  plate,  and  can  then  be 
stripped  oflP  without  difficulty.  The  thin  film  of  oxide,  or  of  other 
adhering  impurity,  derived  from  the  exposure  even  of  a  freshly 
deposited  copper  plate  to  the  air  for  a  few  hours,  is  sufficient  to 
prevent  too  intimate  an  adhesion  between  the  plate  and  the  de- 
posit. In  the  electrotype  thus  obtained,  the  lines  which  are  cut 
away  upon  the  surface  of  the  original  plate  are  represented  in 
relief  in  the  copy,  and  if  a  fac-simile  of  the  engraving  be  desired, 
a  new  deposit  must  be  formed  upon  the  copy  thus  procured ;  in 
this  second  transfer  an  exact  duplicate  of  the  original  engraving 
will  be  presented.  Many  large  and  valuable  copper  plates,  amongst 
which  are  some  of  those  engraved  for  the  Art  Union,  have  been 
thus  multiplied  with  success.  So  faithfully  does  the  deposit  repro- 
duce all  irregularities  upon  the  surface  of  the  matrix  on  which  it 
is  deposited,  that  copies  of  daguerreotype  plates  have  been  obtained 
by  its  means,  in  which  the  original  design  is  accurately  transferred 
to  the  deposit  of  copper,  without  destroying  the  original  impression. 

(875)  Preparation  of  Moulds  for  Electrotyping , — In  copying 
medals  or  other  works  of  art,  it  is  frequently  necessary  to  employ 
casts  of  the  objects  instead  of  the  original  objects  themselves,  which 
might  be  liable  to  injury  by  immersion  in  the  metallic  solution. 
These  casts  may  be  made  in  fusible  metal,  or  in  stearine,  in  plaster, 
or  gutta  percha.  Mr.  Gore  [Fharm,  Journal^  J^ly,  1855  )  recom- 
mends a  mixture  of  2  parts  of  gutta  percha  and  i  of  marine  glue  ; 
the  materials  are  to  be  cut  up,  and  the  glue  melted  at   a  gentle 
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heat  and  incorporated  with  the  gutta  perch  a.  The  paste  is  to  be 
applied  whilst  soft,  with  a  pressure  gradually  increasing,  to  the 
surface  of  the  medal,  or  other  object  which  it  is  desired  to  copy. 
In  certain  cases  an  impression  of  the  object  to  be  copied  is  ob- 
tained in  sheet  lead  by  the  application  of  strong  pressure.  In  all 
cases  the  back  of  the  mould  must  be  coated  with  a  resinous 
varnish,  or  with  some  non-conducting  matter.  When  moulds 
of  plaster  of  Paris  are  employed  they  must  be  rendered  im- 
pervious to  moisture  by  immersion  in  melted  wax  or  tallow  ; 
after  which  the  surface  to  be  copied  is  endued  with  the  power 
of  conducting  electricity,  by  an  ingenious  method  suggested  by 
Mr.  Robert  Murray  :  it  consists  simply  in  applying  finely  powdered 
black-lead,  of  good  quality,  to  the  surface  by  means  of  a  brush ; 
taking  care  that  every  portion  of  the  surface  to  be  copied  is  com- 
pletely coated  by  it.  The  cast  is  then  connected  with  the  negative 
wire  of  the  battery  by  means  of  a  strip  of  sheet  lead,  or  a  copper 
wire,  which  is  in  electric  contact  with  some  portion  of  the  black- 
lead  surface.  Impressions  of  seals  in  sealing  wax,  stamps  in  relief 
upon  pasteboard  or  paper,  and  the  engraved  blocks  used  for  wood- 
cuts, thus  rendered  conductors  upon  the  surface,  may  be  electro- 
typed  with  facility.  Even  glass  may  be  rendered  a  conductor  by 
the  use  of  Drayton's  method  of  depositing  silver  upon  its  surface 
(793).  Leaves,  flowers,  fruits,  and  insects  have  also  been  coated 
with  copper,  or  with  silver,  by  the  electrotype  process.  A  method 
of  producing  a  conducting  surface  upon  these  articles,  due  I 
believe  to  Captain  Ibbetson,  consists  in  immersing  them  in  a  weak 
solution  of  phosphorus,  either  in  bisulphide  of  carbon  or  in  ether, 
allowing  the  solvent  to  evaporate  from  the  surface,  and  then  plung- 
ing the  objects  into  a  solution  of  nitrate  of  silver ;  the  phosphorus 
left  upon  the  surface  reduces  a  very  thin  film  of  silver  upon  the 
superficial  portions  of  the  objects,  sufficient  to  enable  them  to 
receive  the  deposit  from  the  battery,  if  they  be  properly  connected 
with  the  negative  wire,  and  submitted  in  a  metallic  bath  to  the 
action  of  the  electric  current.  Steel  plates  cannot  be  copied  by 
immersing  them  in  a  bath  of  sulphate  of  copper,  as  the  steel  and 
the  sulphate  act  chemically  on  each  other,  and  thus  the  engraving 
would  be  destroyed.  This  difficulty  has  been  overcome  by  elec- 
trotyping  them  first  in  silver,  which  can  be  deposited  upon  the 
steel  without  injury,  and  upon  this  silver  matrix  a  copper  fac- 
simile of  the  original  plate  can  afterwards  be  obtained. 

The  voltaic  current  has  also  been  employed  for  the  purpose  of 
biting  in  the  plates  of  the  engraver,  instead  of  the  nitric  acid 
commonly    used    for    this    pui'pose.       Both    sides    of   the    plate 
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are  first  coated  with  engraver^s  varnish,  after  which  the  artist, 
with  a  fine  point,  etches  in  the  usual  manner  the  lines  which  he 
intends  to  produce  upon  the  plate,  cutting  through  the  coating  of 
varnish  so  as  to  expose  the  metallic  surface  beneath;  when  the 
design  is  thus  completed  the  plate  is  connected  with  the  positive 
wire  of  the  battery  ;  and  on  completing  the  circuit,  the  oxygen  and 
acid  liberated  upon  the  surface  of  the  plate  will  attack  those  por- 
tions of  it  which  have  been  exposed  by  the  tool  of  the  engraver. 

For  the  electrotyping  of  small  objects,  such  as  coins  or  medals, 
it  is  not  necessary  to  use  a  separate  voltaic  battery,  since  the 
depositing  cell  itself  may  be  converted  into  a  voltaic  couple  of 
sufficient  power  to  decompose  the  sulphate  of  copper,  in  the  follow- 
ing manner  : — Let  a  glass  cylinder,  such  as  the  chimney  of  an  argand 
gas  burner,  be  closed  below  by  a  plug  of  plaster  of  Paris,  and  be 
supported  in  a  vessel  containing  a  solution  of  sulphate  of  copper, 
in  which  the  mould  of  the  medal  to  be  copied  is  supported  by  a 
metallic  wire;  let  the  inner  tube  be  filled  with  sulphuric  acid, 
diluted  with  lo  or  i%  times  its  bulk  of  Avater,  and  let  an  amalga- 
mated zinc  rod  be  placed  in  its  axis.  If  this  zinc  rod  be  connected 
with  the  wire  proceeding  from  the  mould  of  the  medal  to  be  electro- 
typed,  copper  will  be  deposited  upon  the  surface  of  the  mould.  The 
apparatus  in  fact  constitutes  a  cell  of  DanielFs  battery,  with  a 
trifling  modification  in  its  form.  The  solution  of  copper  should 
be  maintained  uniformly  saturated  with  sulphate  of  copper,  by 
suspending  crystals  of  the  salt  in  the  upper  part  of  the  liquid. 

(876)  Electro-zincing. — Zinc  may  be  deposited  from  its  sulphate 
on  the  surface  of  iron,  by  processes  similar  to  those  used  for  sul- 
phate of  copper.  The  operation  requires  but  a  feeble  current,  and 
admits  of  being  performed  upon  a  very  large  scale  :  the  iron  links 
of  the  Charing  Cross  suspension-bridge,  which  are  passed  into  the 
abutments  on  the  side  of  the  river,  were  successfully  submitted  to 
this  operation  :  each  of  these  links  is  24  feet  in  length,  and  of  pro- 
portionate width.  It  is  not  possible  however  to  obtain  coherent 
plates  of  all  the  metals  with  the  same  facility  as  in  the  case  of 
copper  and  zinc.  Many  of  the  metals  are  thrown  down  from  their 
solutions  in  a  crystalline  form,  whether  the  deposition  be  effected 
rapidly  or  slowly.  Silver  is  separated  thus  from  its  nitrate,  and 
lead  exhibits  a  similar  deportment  when  the  acetate  or  the  nitrate  of 
this  metal  is  electrolysed.  Gold  and  platinum  do  not  give  coherent 
plates  when  solutions  of  the  chlorides  of  these  metals  are  submitted 
to  voltaic  decomposition.  In  some  cases,  however,  where  a  simple 
salt  fails  to  give  a  satisfactory  result,  the  effect  may  be  obtained 
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by  the  employment  of  certain  double  salts  of  the  same  metal  with 
potash  or  with  soda  :  thus  the  doul)le  cyanide  of  gold  and  potassium 
is  largely  employed  for  gilding,  and  the  corresponding  salt  of  silver 
is  extensively  used  in  electro- silvering.  In  gilding  and  silvering, 
and  zincing,  one  great  desideratum  is  to  obtain  a  firm  adherence 
between  the  newly  deposited  metal  and  the  object  to  be  gilt  or 
plated  ;  the  surface  of  the  metallic  object  is  therefore  first  rendered 
chemically  clean,  a  result  which  is  carefully  avoided  in  the  process 
of  electrotyping.  In  the  latter  case  it  is  usual  to  expose  the 
object,  if  freshly  polished,  to  the  atmosphere  for  24  hours  before 
placing  it  in  the  depositing  cell,  in  order  to  prevent  permanent 
adhesion. 

(877)  Electro-Plating. — The  metals  upon  which  an  adherent 
coating  of  silver  is  most  readily  deposited  are  brass,  copper,  bronze, 
and  German  silver;  but  it  may  also  be  effected  on  steel.  The 
articles  to  be  plated  are  cleansed  from  adhering  greasy  matters 
either  by  boiling  them  in  a  weak  alkaline  solution,  and  then 
washing ;  or  they  are  heated  to  low  redness  in  a  muffle :  in  either 
case  they  are  next  dipped  into  dilute  nitric  acid  for  the  purpose  of 
removing  any  adhering  film  of  oxide.  They  are  then  brushed 
with  a  hard  brush  and  some  sand ;  and  having  been  rinsed  from 
adhering  impurities,  and  separately  attached  to  a  clean  copper  wire, 
they  are  again  dipped  into  nitric  acid,  washed,  and  immersed  whilst 
still  wet  in  the  silvering  bath.    If  v  v,  fig.  322,  represent  a  plan  of 


Fig.  322. 


this  bath,  and  c  z  the  voltaic  battery,  the  copper 
wires  attached  to  the  articles  to  be  plated  are 
twisted  round  the  rods  p  p  p,  which  are  connected 
with  the  negative  wire  of  the  battery,  whilst 
the  positive  wire  is  connected  with  a  series  of 
silver  plates,  z  z  z,  which  are  also  immersed 
in  the  silvering  liquid.  This  solution  is  com- 
monly prepared  by  dissolving  cyanide  of  silver 
in  a  solution  either  of  cyanide  or  of  ferro- 
cyanide  of  potassium.  Solutions  containing  hy- 
posulphite or  sulphite  of  silver  are  occasionally 
employed.  In  order  to  prepare  the  silvering  bath 
a  solution  of  nitrate  of  silver  may  be  precipitated 
by  the  addition    of   cyanide  of  potassium    so  "* 

long  as  it  produces  a  precipitate ;  this  precipitate,  after  having  been 
washed  by  decantation,  is  dissolved  in  a  solution  of  cyanide  of 
potassium.  An  excess  of  cyanide  of  potassium  is  requisite,  at 
least  3  parts  of  cyanide  of  potassium  being  employed  for  i  part  of 


^^t 
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cyanide  of  silver.*  A  solution  wliicli  contains  3V  of  its  weight  of 
silver  is  found  to  be  of  a  convenient  strength  for  ordinary  opera- 
tions. When  cyanide  of  potassium  is  used  in  the  bath  as  a  solvent, 
the  solution  gradually  becomes  alkaline  from  the  formation  of  car- 
bonate of  potash,  which  accumulates  in  the  liquid  and  interferes  with 
the  regularity  of  the  decomposition.  Now  it  has  recently  been 
discovered  that  if  cyanide  of  calcium  be  employed,  this  incon- 
venience is  obviated,  since  carbonate  of  lime  is  formed,  and  owing 
to  its  insolubility,  it  sinks  to  the  bottom  of  the  bath  as  fast  as  it 
is  produced.  The  articles  when  plated  have  a  dead  white  or  chalky 
surface,  but  they  may  be  burnished  by  pressure  if  desired,  and 
they  then  assume  the  brilliant  lustre  of  polished  silver.  It  is 
remarkable  that  the  addition  of  a  very  small  proportion  of 
bisulphide  of  carbon  to  the  bath  causes  the  deposited  silver  to 
assume  the  lustre  of  the  polished  metal.t  The  amount  of  silver 
which  is  deposited  can  be  regulated  very  accurately  by  weighing 
the  articles  before  immersion,  and  weighing  them  again  afterwards. 
A  deposit  of  from  i  J  ounce  to  ij  ounce  of  silver  to  a  square 
foot  of  the  plated  surface  answers  well  in  practice ;  the  sheet  of 
silver  under  these  circumstances  being  about  the  thickness  of 
ordinary  writing  paper.  The  solution  must  be  frequently  stirred 
in  order  to  preserve  the  liquid  of  uniform  density  and  composition 
throughout. 

The  batteries  used  at  Birmingham  for  gilding  and  silvering  are 
in  general  simply  plates  of  amalgamated  zinc  opposed  to  plates  of 
copper  in  dilute  sulphuric  acid :  the  plates  are  so  arranged  that 
they  can  be  readily  raised  or  lowered  in  order  to  expose  a  smaller 
or  larger  surface  to  the  action  of  the  acid.  The  superficial  area 
and  number  of  the  plates  used,  are  made  to  vary  according  to  the 
size  and  nature  of  the  objects  to  be  operated  upon.  The  workman 
judges  from  experience  as  to  the  number  of  pairs  to  be  employed ; 
it  seldom  happens  that  more  than  two   or  three  pairs  of  plates 


*  If  ferrocyanide  of  potassium  he  used  as  a  solvent  of  the  cyanide  of 
silver,  10  parts  of  this  salt  are  required  for  the  solution  of  i  part  of  cyanide  of 
silver. 

t  In  order  to  effect  this  object,  6  ounces  of  bisulphide  of  carbon  are 
directed  to  be  agitated  with  i  gallon  of  the  plating  liquid,  and  set  aside  for 
24  hours.  Two  ounces  of  the  liquid  thus  obtained,  are  to  be  added  over 
night  to  20  gallons  of  the  ordinary  plating  liquid ;  the  bath  is  ready  for  use 
next  morning.  This  addition  of  the  solution  of  the  bisulphide  requires  to 
be  renewed  daily,  to  make  up  for  the  loss  of  the  bisulphide  of  carbon  by 
evaporation.  Much  care  is  required  in  the  use  of  such  a  solution,  as  it  is 
liable  to  changes  which  are  produced  by  very  slight  modifications  in  the  mode 
of  working. 
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are  needed.     In  Paris_,  Bunsen^s  carbon  and  zinc  batteries  are  also 
employed  with  success  in  these  operations. 

(878)  Electro-Gilding  and  Platinizing. — It  is  possible  to  gild 
most  of  the  ordinary  metals  by  voltaic  action.  Articles  which 
consist  of  brass,  bronze,  copper_,  or  German  silver  are  first  annealed, 
then  pickledj  as  the  operation  of  immersing  them  into  the  mixture 
of  dilute  nitric  and  sulphuric  acids  is  termed,  after  which 
they  are  scrubbed  and  '  dipped  ^  in  strong  nitric  acid,  and  then 
rinsed  in  water,  as  is  practised  in  preparing  them  for  plating. 
Silver  articles  are  cleansed  in  a  similar  manner,  but  they  do  not 
required  to  be  '  dipped.^  Iron  and  steel  may  be  gilt  by  cleansing 
them  from  grease,  first  with  potash,  and  then  by  dipping  in  nitric 
acid,  and  scouring  the  surface  with  burnt  clay  finely  sifted,  in 
order  to  remove  the  black  stains  produced  by  the  liberation  of 
carbon.  A  more  powerful  current  is  required  for  gilding  upon 
iron  than  upon  the  metals  previously  mentioned. 

The  gilding  bath  most  usually  employed,  consists  of  cyanide  of 
gold  dissolved  in  cyanide  of  potassium.  It  may  be  prepared  by 
dissolving  gold  in  aqua  regia,  and  adding  cyanide  of  potassium  to 
the  diluted  liquid  as  long  as  it  produces  a  precipitate ;  a  brisk  effer- 
vescence accompanies  the  action,  and  a  yellow  deposit  of  proto- 
cyanide  of  gold  (AuCy)  is  formed :  the  clear  liquid  is  decanted, 
and  the  precipitate  is  redissolved  in  a  solution  containing  between 
7  and  8  parts  of  the  cyanide  to  i  part  of  gold  :  the  solution  is 
then  diluted  until  loo  parts  of  the  liquid  contain  i  part  of  gold. 

M.  Ruolz  has  shown  that  various  other  gilding  baths  may  be 
used  instead  of  the  double  cyanide  of  gold  and  potassium  :  for 
example,  he  finds  that  the  cyanide  of  gold  may  be  employed  when 
brought  into  solution  by  the  ferrocyanide,  or  by  the  ferridcyanide  of 
potassium;  he  has  also  used  with  success  the  double  sulphite  of 
gold  and  soda,  the  solution  of  the  double  chloride  or  iodide  of 
gold  and  sodium  with  an  excess  of  soda,  and  even  the  sulphide  of 
gold  dissolved  in  a  neutral  solution  of  protosulphide  of  potassium. 

As  yet  the  voltaic  deposition  of  platinum  has  not  been  prac- 
tised to  any  considerable  extent;  it  is  stated,  however  {Coniptes 
Rendus,  vol.  xiii.,  p.  1013),  that  a  solution  of  the  double  chloride 
of  platinum  and  potassium  in  caustic  potash  may  be  applied  to  this 
purpose  with  tolerable  success. 

§    4.    INFLUENCE    OF    LIGHT    ON    AFFINITY PHOTOGRAPHY. 

(879)  Influence  of  Light  upon  Crystallization, — It  is  a  familiar 
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observation,  that  volatile  bodies  which  crystallize  as  they  are  con- 
densed after  spontaneous  sublimation, — such  as  camphor,  napththa- 
lin,  and  sesquichloride  of  carbon, — if  placed  in  glass  vessels,  collect 
upon  the  side  of  the  glass  which  is  exposed  to  the  light,  whilst  no 
crystals  are  deposited  upon  the  other  side  of  the  vessels.  This 
eflfect,  however,  is  not  confined  to  crystallizable  substances.  If  a 
few  drops  of  water  be  placed  at  the  bottom  of  a  bottle,  the  sides 
of  which  are  kept  dry,  and  the  mouth  of  the  bottle  be  closed,  on 
placing  it  in  tVie  sunshine  for  a  few  minutes  a  deposit  of  globules 
of  moisture  will  speedily  take  place  upon  the  illuminated  side  of 
the  bottle.  A  similar  ejBPect  is  often  seen  in  the  vacuum  of  a 
barometer,  globules  of  mercury  being  condensed  upon  the  side 
of  the  tube  which  is  exposed  to  light.  Dr.  Draper  (Chemistry  of 
Plants,  Appendix,  p.  124),  has  made  a  number  of  observations  on 
these  phenomena,  from  which  it  appears  that  the  transmission  of 
light  through  an  aperture  in  a  metallic  screen,  or  the  reflection  of 
the  light  from  a  surface  of  glass,  and  other  apparently  trifling 
modifications  of  the  light,  will  prevent  the  deposition  of  vapour 
in  such  cases.  The  whole  subject  is  well  worthy  of  further  in- 
vestigation. 

(880)  Chemical  Actions  of  Light. — The  rays  of  the  sun  are  not 
only  the  great  source  both  of  heat  and  light  to  the  globe  which 
we  inhabit,  but  they  are  constantly  exerting  upon  the  various  sub- 
stances upon  its  surface,  a  chemical  influence  of  the  utmost  im- 
portance to  the  existence  of  animal  and  vegetable  life,  and  to  the 
permanence  of  the  present  order  of  creation.  The  occurrence  of 
this  remarkable  chemical  activity  in  the  solar  rays  may  be  shown 
in  various  ways : — When  perfectly  dry  chlorine  is  mixed  in  the 
dark  with  hydrogen,  no  chemical  change  takes  place;  if  the 
two  gases  have  been  exposed  separately  to  the  beams  of  the  sun, 
and  have  subsequently  been  mixed  in  the  dark,  they  may  be 
preserved  in  this  condition  also  without  change,  so  long  as  they  are 
screened  from  the  light ;  but  if  the  mixture  be  exposed  to  diff'used 
daylight,  it  will  be  observed  that  the  two  gases  begin  gradually  to 
combine,  and  if  they  be  free  from  admixture  with  hydrochloric 
acid,  sudden  combination  and  explosion  occurs  when  they  are 
exposed  to  the  direct  rays  of  the  sun.  The  rapidity  with  which 
this  combination  occurs  is  proportioned  to  the  intensity  of  the 
light,  and  an  instrument  for  measuring  the  amount  of  the  action 
which  is  produced  by  diff'used  daylight,  was  described  by  Dr. 
Draper,  under  the  somewhat  fanciful  name  of  the  tithonometer 
{Phil.  Mag.,  Dec.  1843). 
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A  similar  combination,  under  the  influence  of  sunshine, 
is  effected  between  chlorine  and  the  carbonic  oxide  gas.  Two 
measures  of  chlorine  and  two  of  carbonic  oxide  are  thus  con- 
densed into  %  measures ;  the  result  is  the  formation  of  the 
irritating  pungent  gas_,  known  as  phosgene  gas  (327),  in  allusion 
to  the  mode  of  its  production.  It  is  remarkable  that  the  direct 
union  of  these  gases  cannot    be   effected    in  any   other  manner. 

Organic  chemistry  abounds  with  instances  in  which  combina- 
tions and  decompositions  are  effected  by  chlorine,  under  the  in- 
fluence of  the  solar  ray :  a  few  of  these  have  been  mentioned 
when  speaking  of  the  transformations  of  Dutch  liquid  (400).  But 
the  chemical  actions  produced  by  the  sun^s  rays,  which  are  taking 
place  unperceived  around  us,  are  of  infinitely  greater  importance 
than  those  limited  transformations  which  can  be  effected  in  the 
laboratory;  for  it  is  upon  these  unobserved,  yet  daily  renewed 
alterations,  that  the  growth  and  renovation  of  the  entire  vegetable 
kingdom  is  dependent.  The  great  chemical  effect  of  light 
appears  to  be  that  of  a  powerful  reducing  or  deoxidizing  agent. 
Under  the  influence  of  solar  light,  the  green  parts  of  plants  per- 
form their  allotted  function  in  the  purification  of  the  atmosphere, 
by  absorbing  and  removing  carbonic  acid,  in  virtue  of  which  they 
fix  the  carbon  in  their  tissues,  and  thus  supply  themselves  with 
food ;  by  a  similar  decomposition  of  water  they  obtain  the 
hydrogen  needed  for  their  growth,  while  they  return  into  the 
aerial  ocean  a  portion  of  the  oxygen  with  which  the  carbon  and 
the  hydrogen  were  previously  in  combination,  and  thus  assist  in 
maintaining  that  uniformity  in  the  composition  of  the  atmosphere 
which  is  indispensable  to  the  healthful  existence  of  animal  life. 

If  solar  light  be  excluded  from  plants,  none  of  these  decompo- 
sitions are  effected ;  the  carbonic  acid  escapes  unchanged  into  the 
air,  and  no  fixation  of  carbon  ensues ;  the  plant  becomes  pale  and 
succulent,  whilst  its  functions  languish.  Gardeners  take  advantage 
of  this  knowledge  in  order  to  procure  vegetables  of  more  delicate 
flavour ;  by  earthing  up  the  plant,  as  is  practised  with  celery,  or 
by  covering  it  with  a  tile  as  in  the  case  of  endive,  or  by  enclosing 
it  in  a  bell  jar,  as  is  usual  with  seakale,  the  light  is  more  or 
less  excluded,  and  the  bleaching  which  is  desired  in  vegetables 
for  the  table  is  produced.  The  operation  of  bleaching  linen, 
by  exposure  to  moisture  and  light  for  several  weeks  during 
summer,  is  another  process,  which  illustrates  the  influence  of  solar 
light  in  the  production  of  chemical  changes. 

(881)  Reducing  Influence  of  Light  on  Metallic  Salts. — Much 
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attention  has^  witliin  the  last  few  years^  been  given  to  tlie  study 
of  tlie  chemical  actions  produced  by  liglit^  in  consequence  of  the 
beautiful  inventions  of  the  Talbotype  and  the  Daguerreotype. 
These  remarkable  processes,  as  well  as  others  of  a  somewhat 
similar  character,  appear  to  depend  upon  the  power  which  the 
more  refrangible  rays  of  the  solar  spectrum  possess  of  causing  the 
decomposition  of  the  oxides,  chlorides,  iodides,  or  bromides  of  silver, 
and  of  one  or  two  other  of  the  metals.  This  decomposition  by 
means  of  light,  however,  only  takes  place  under  the  concurrent 
influence  of  hydrogen,  or  some  metallic  body,  which  acts  either 
by  setting  free  the  silver  or  other  metal,  or  by  producing 
a  lower  oxide,  chloride,  or  other  compound  of  the  metal. 
The  alteration  in  the  composition  of  the  compound,  after  its  ex- 
posure to  light,  is  not  always  manifested  at  once  by  change  of 
colour,  but  it  may  be  rendered  visible  by  the  reactions  produced 
by  the  application  of  suitable  chemical  reagents  to  the  compound 
after  it  has  been  so  exposed  to  the  solar  ray. 

The  following  instances  of  the  effects  of  light  have  long  been 
observed  by  chemists : — If  a  piece  of  white  silk  be  dipped  into  a 
solution  of  chloride  of  gold,  and  exposed  whilst  in  a  moist  state 
to  the  sun's  light,  the  silk  becomes  green,  then  purple,  and  in 
less  than  an  hour  a  film  of  metallic  gold  is  produced  upon 
its  surface.  Nitrate  of  silver  in  solution  in  pure  water  undergoes 
no  change  when  exposed  to  the  light,  but  if  any  organic  matter 
be  added  to  the  liquid,  a  black  deposit  is  gradually  formed ;  and  if 
the  salt  be  placed  upon  the  surface  of  the  skin,  upon  paper  or 
upon  linen,  the  well-known  blackening  effect  for  which  it  is  valued 
as  a  marking  ink  for  linen  is  produced.  Moist  chloride  of  silver 
retains  its  dazzling  whiteness  if  preserved  in  total  darkness,  but  it 
assumes  a  violet  tint,  which  gradually  deepens  in  intensity  if  ex- 
posed, particularly  when  in  a  moist  state,  even  to  the  diffused  light 
of  day,  a  portion  of  chlorine  being  liberated  in  the  process. 

(882)  Photographic  Printing, — The  earliest  experiments  upon 
the  production  of  pictures  by  the  action  of  light,  appear  to  have 
been  made  by  Wedgwood  and  Davy  in  the  year  1 802.  Wedgwood 
moistened  white  paper  or  white  leather  with  a  solution  of  nitrate 
of  silver,  and  by  its  means  copied  paintings  on  glass,  and  took  pro- 
files ;  but  neither  he  nor  Davy  was  able  to  devise  any  means  for 
preserving  these  pictures  when  exposed  to  diffused  light. 

Little  was  published  upon  this  subject  until  the  commencement 
of  the  year  1839,  when  Mr.  Fox  Talbot  made  known  [Phil,  Mag. 
vol.  xi.)   his   process  of  photogenic  drawing^   which  consisted  in 
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soaking  ordinary  writing-paper  in  a  weak  solution  of  common  salt^ 
and  when  di^,  washing  it  over  upon  one  side  with  a  solution  of 
nitrate  of  silver,  consisting  of  i  part  of  a  saturated  solution  of  the 
nitrate  with  6  or  8  parts  of  water.  This  operation  was  per- 
formed by  candle-light,  and  the  paper  was  dried  at  the  fire; 
in  this  manner  a  film  of  chloride  of  silver,  mixed  with  an  excess  of 
nitrate  of  silver,  was  formed  upon  the  surface  of  the  paper.  Suppose 
that  it  were  desired  to  obtain  a  copy  of  an  engraving,  or  of  the  leaf 
of  a  tree ;  one  of  the  sheets  so  prepared  was  laid  under  the  leaf  or 
engraving  which  was  to  be  copied ;  the  two  were  pressed  firmly 
together  between  two  plates  of  glass,  and  exposed  to  the  direct 
rays  of  the  sun,  or  even  to  diffused  daylight,  for  a  period  of  half 
an  hour  or  an  hour.  The  impression  thus  obtained  was  a  negative 
one,  that  is  to  say,  the  shadows  were  represented  by  lights,  and  the 
lights  by  shadows ;  those  portions  of  the  surface  which  had  been 
exposed  to  the  strongest  light  becoming  dark ;  in  the  half  tints, 
where  a  feebler  light  had  been  transmitted,  the  blackening  became 
less  evident ;  and  the  parts  corresponding  to  the  deep  shadows  in 
the  engraving  remained  white.  Mr.  Talbot  fixed  these  pictures  by 
immersing  them  in  a  strong  solution  of  common  salt.  Considerable 
improvements  have  been  introduced  into  this  process  since  it  was 
first  published,  but,  in  principle,  this  operation^  which  has  been 
termed  pliotographic  prmting ,  remains  unchanged. 

A  very  good  paper  for  this  kind  of  printing  may  be  obtained 
as  follows  ; — Prepare  a  solution  of  chloride  of  sodium  or  of  chloride 
of  ammonium  containing  lo  grains  of  the  salt  to  each  ounce  of 
water.  If  French  paper  (which  is  sized  with  starch)  is  to  be  used,  it 
will  be  improved  by  dissolving  i  grain  of  gelatine  in  each  ounce  of 
the  solution  of  salt.  Pour  this  liquid  into  a  flat  shallow  dish,  and 
having  cut  the  paper  into  pieces  of  a  convenient  size,  take  a  sheet 
of  it  by  the  two  opposite  corners,  and  bring  it  down  upon  the 
surface  of  the  solution,  so  that  the  middle  of  the  sheet  shaU  be 
first  moistened ;  then  lower  it  gradually  towards  each  corner  so  as 
to  exclude  air-bubbles.  After  the  lapse  of  a  minute  it  may  be 
removed  from  the  solution,  and  hung  up  to  dry.  In  order  to 
render  the  paper  sensitive,  prepare  a  solution  of  nitrate  of  silver 
containing  50  grains  of  nitrate  to  the  ounce,  and  lay  the  sheet  upon 
the  surface  of  the  solution  in  the  same  manner  as  before  ;  in  about 
three  minutes^  time  the  sheet  may  be  removed  :  it  must  be  raised 
by  one  corner  with  a  pair  of  forceps  tipped  with  sealingwax, 
allowed  to  drain,  and  hung  up  to  dry.  These  operations  must  be 
performed  in  a  darkened  room. 

4d  2 
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Another  sensitive  paper,  which  is  often  ■iised_,  may  be  prepared 
by  forming  a  solution  which  contains  80  grains  of  nitrate  of  silver 
in  each  ounce  of  distilled  water,  and  adding  caustic  ammonia  until 
the  precipitated  oxide  of  silver  is  almost  redissolved :  the  solution 
should  be  preserved  in  a  dark  place.  The  paper  having  been 
previously  salted,  is  excited  by  this  solution,  by  brushing  it  over  with 
the  solution  by  means  of  a  pledget  of  cotton  wool.  The  paper  is 
allowed  to  dry  in  the  dark,  and  should  be  used  immediately. 

In  order  to  protect  the  picture  obtained  upon  either  of  these 
papers  from  the  further  action  of  light,  it  is  now  usual  to  adopt 
the  method  introduced  by  Sir  J.  Herschel,  which  consists  in  soak- 
ing the  picture  in  a  solution  of  hyposulphite  of  soda ;  this  salt  com- 
bines with  the  undecomposed  salt  of  silver,  and  renders  it  soluble  : 
by  washing  the  picture  for  two  or  three  hours  in  water,  the  salts 
of  silver  are  removed,  and  it  is  no  longer  susceptible  of  change 
when  exposed  to  light. 

(883)  Talbotype,  or  Calotype  Process. — In  1841,  Mr.  Fox 
Talbot  took  out  a  patent  for  the  very  beautiful  process  to  which 
his  name  has  since  been  attached.  In  this  remarkable  operation 
Mr.  Talbot  prepares  a  surface  of  iodide  of  silver  upon  paper,  which 
is  not  sensitive  per  se  to  the  action  of  light.  In  order  to  render 
it  sensitive,  he  washes  it  over  with  a  mixture  of  nitrate  of  silver 
with  gallic  and  acetic  acids,  and  then  exposes  it  in  the  camera  to 
the  object  which  he  wishes  to  copy.  After  the  lapse  of  a  few 
minutes,  (the  time  required  varying  with  the  intensity  of  the 
light,)  he  withdraws  the  paper  from  the  camera.  Unless  the  light 
has  been  very  strong,  no  image  is  visible,  or  a  mere  outline  only, 
but  the  compound  has  undergone  a  change  of  a  very  singular 
nature,  for  if  the  blank  sheet  be  washed  over  with  the  mixture  of 
nitrate  of  silver  with  gallic  and  acetic  acids,  on  gently  warming  it 
a  negative  image  appears  with  w^onderful  distinctness  and  fidelity, 
the  portions  which  have  been  exposed  to  the  strongest  lights 
assuming  the  darkest  tints.  The  development  of  the  image 
appears  in  this  process  to  be  due  to  the  reducing  agency  of  the 
gallic  acid,  which  acts  more  rapidly  upon  those  portions  of  the 
paper  which  have  been  most  freely  exposed  to  the  action  of  light. 
This  dormant  picture  may  be  developed  many  hours  or  even  days 
after  it  was  produced,  if  the  paper  be  preserved  from  the  light.  It 
seems  as  though  the  light,  without  actually  producing  a  decomposi- 
tion of  the  particles  of  the  argentine  compound  upon  which  it  falls, 
gives  to  them  a  particular  condition  of  unstable  equilibrium  which 
predisposes  them  to  decomposition  when  acted  upon  by  a  reducing 


DETAILS  OF  THE  TALBOTYPE  PROCESS.         .1137 

agent  like  gaUic  acid.     The  following  are  the  details  of  the  opera- 
tion, with  one  or  two  slight  modifications  : — 

I.  Preparation  of  the  Iodized  Paper. — A  sheet  of  smooth 
writing  paper,  such  as  that  manufactured  by  Turner,  of  Chafford 
Mills,  of  uniform  texture,  and  free  from  stains  and  spots,  should 
be  pinned  upon  a  board  by  two  corners,  and  brushed  over  uniformly 
with  a  solution  of  nitrate  of  silver,  containing  '^'^  grains  of  the 
salt  in  an  ounce  of  distilled  water ;  the  solution  is  best  applied  by 
means  of  a  brush  consisting  of  a  flock  of  cotton  wool  partly  drawn 
through  a  glass  tube,  which  furnishes  a  convenient  handle  :  whilst 
the  paper  is  still  moist,  it  is  immersed  in  a  bath  of  iodide  of  potas- 
sium, containing  20  grains  of  the  iodide  to  an  ounce  of  distilled 
water,  taking  care  to  avoid  the  occurrence  of  air-bubbles.  In 
about  two  minutes,  or  as  soon  as  the  paper  has  acquired  a  uniform 
yellow  colour  throughout,  it  is  transferred  to  a  vessel  of  water, 
where  it  is  allowed  to  soak  for  two  or  three  hours,  changing 
the  water  three  or  four  times,  so  as  to  remove  all  the  soluble 
salts :  each  sheet  of  paper  is  then  to  be  hung  up  separately  and 
allowed  to  dry.  These  operations  may  be  conducted  by  candle- 
light or  in  diffused  daylight.  A  stock  of  this  paper  may  be  pre- 
pared and  kept  for  use. 

2.  Exciting  the  Paper  for  the  Camera. — When  required  for  the 
camera,  prepare  i.  a  solution  of  aceto-nitrate  of  silver  (consisting 
of  50  grains  of  nitrate  of  silver,  i  ounce  of  water,  and  1^  drachm 
of  glacial  acetic  acid),  and  2.  an  aqueous  solution  of  gallic  acid 
saturated  in  the  cold.  Add  3  or  4  drops  of  each  of  these  solutions 
to  I  drachm  of  distilled  water,  and  apply  the  mixture  freely  with 
a  pledget  of  cotton  w^ool  to  the  silvered  surface  of  the  iodized 
paper,  and  when  well  soaked  remove  the  superfluous  portion  with 
a  sheet  of  clean  blotting-paper :  the  same  sheet  of  blotting-paper 
must  not  be  used  twice  for  this  purpose.  Whilst  still  damp  it  is 
to  be  placed  between  the  glasses  of  the  camera  slide.  It  will 
retain  its  whiteness  for  twelve  hours  or  more. 

3.  Exposure  in  the  Camera. — In  order  to  take  a  landscape,  a 
sheet  of  the  prepared  paper  is  exposed  in  the  focus  of  the  camera, 
and  after  a  lapse  of  from  five  to  fifteen  or  twenty  minutes,  accord- 
ing to  the  amount  of  light,  the  picture  may  be  withdrawn. 

4.  Development. — The  image  is  developed  by  brushing  the 
paper  over,  by  means  of  clean  cotton  wool,  with  a  mixture  of  equal 
parts  of  the  solution  of  aceto-nitrate  of  silver  and  of  gallic  acid. 
The  two  solutions  must  be  mixed  immediately  before  using,  as 
they  speedily  undergo   mutual  decomposition.     In  a  few  minutes 
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the  picture  gradually  begins  to  appear.  Any  part  of  tlie  picture 
which  seems  wanting  in  distinctness  may  be  washed  over  with 
fresh  solution  of  nitrate  of  silver.  The  development  should  be 
effected  by  candlelight  or  in  yellow  light. 

5.  Fiooing  the  Impression. — As  soon  as  the  picture  ceases  to 
acquire  distinctness^  it  is  to  be  well  washed  with  water,  and  im- 
mersed in  a  saturated  solution  of  hyposulphite  of  soda  till  the 
yellow  tint  of  the  iodide  of  silver  has  disappeared.  It  is  then  to  be 
washed  thoroughly  for  several  hours  in  clean  water,  frequently 
renewing  the  water.  Unless  all  traces  of  the  hyposulphite  of  silver 
be  removed,  the  picture  will  gradually  lose  its  intensity.  Mr. 
Talbot  originally  employed  a  solution  of  bromide  of  potassium  for 
fixing  these  pictures,  but  the  hyposulphite  of  soda  is  to  be  pre- 
ferred. M^hen  dry,  the  photograph  should  be  waxed  by  placing  it 
between  two  sheets  of  blotting-paper  saturated  with  white  wax,  and 
then  passing  a  smoothing  iron  moderately  heated  over  the  whole. 
The  negative  pictures  thus  obtained  may  be  employed  to  furnish 
positive  prints,  or  prints  with  the  lights  and  shadows  as  they  occur 
in  nature,  by  Mr.  Talbot's  original  '  photogenic'  process,  or  by 
printing  upon  a  second  sheet  of  the  prepared  Talbotype  paper.* 

(884)  Photography  on  Collodion. — An  important  modification 
of  Talbot's  process  was  introduced  by  Mr.  Archer,  who  substituted 
for  the  iodized  paper  a  transparent  film  of  iodized  collodion  spread 
upon  glass  as  the  recipient  of  the  negative  picture.  The  process 
is  rendered  more  certain,  very  much  more  rapid,  the  manipulation 
is  simplified,  whilst  the  positive  pictures  obtained  by  transference 
of  the  negative  impression  are  much  sharper  in  their  outline.  To 
prepare  the  bath  of  nitrate  of  silver,  take  of  nitrate  of  silver  300 
grains,  dissolve  the  salt  in  2  ounces  of  distilled  water,  and  add  li 
grain  of  iodide  of  potassium  dissolved  in  half  a  drachm  of  water, 
then  add  drop  by  drop  a  solution  of  carbonate  of  potash  till  a 
slight  permanent  turbidity  is  produced  ;  afterwards  add  distilled 
water  until  the  mixture  measures  10  ounces;  filter,  and  add  25 
minims  of  glacial  acetic  acid.f 


'^  For  further  details  upon  the  subject  of  photographic  printing,  &c.,  the 
reader  is  referred  to  Hardwich's  Manual  of  Photographic  Chemistry. 

t  Ordinary  nitrate  of  silver  is  apt  to  contain  a  trace  of  nitric  acid,  which 
it  is  desirable  to  neutralize,  as  an  acid  solution  is  much  less  sensitive  to  the 
action  of  light  than  a  neutral  one.  It  is  still  more  important,  however,  not  to 
have  any  alkaline  reaction,  and  as  carbonate  of  silver  is  slightly  soluble  in  the 
nitrate,  the  addition  of  acetic  acid  is  subsequently  made  to  guard  against 
this :  the  iodide  of  potassium  is  added  in  order  to  saturate  the  bath  with 
iodide  of  silver ;  if  this  precaution  were  not  taken,  the  film  of  iodized  collodion 
would  be  liable  to  lose  a  portion  of  iodide  of  sHver,  since  this  salt  also  is  some- 
what soluble  in  nitrate  of  silver. 
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The  following  are  tlie  directions  given  by  Mr.  Hardwich  for 
preparing  the  solution  of  iodized  collodion,  which  is  suitable  for 
the  formation  of  negative  pictures  : — Take  of  rectified  ether,  sp.  gr. 
0*750,  6  drachms;  alcohol,  sp.  gr.  o'8^6,  2  drachms;  soluble  pyr- 
oxylin (from  Swedish  filtering  paper),*  from  3  to  5  grains;  iodide 
of  potassium,  from  4  to  5  grains.  The  iodide  of  potassium  is  to  be 
dissolved  in  the  alcohol  before  adding  it  to  the  mixture. 

1.  Preparation  of  the  Collodion  Film. — In  order  to  make  use 
of  this  solution,  a  plate  of  glass  cut  to  the  size  required  for  the 
camera  (after  being  washed  with  solution  of  potash  to  free  it  from 
grease,  rinsed  in  water,  dried,  and  wiped  with  a  clean  silk  handker- 
chief), is  to  be  held  horizontally  in  the  left  hand,  and  a  portion  of 
the  collodion  is  poured  steadily  on  the  middle  of  the  glass,  and  by 
slightly  inclining  the  plate  in  difierent  directions,  is  made  to  flow 
completely  over  the  upper  surface  ;  the  excess  of  the  solution  is 
immediately  to  be  poured  back  into  the  bottle. 

2.  Excitmg  the  Plate  for  the  Camera. — The  nitrate  bath  having 
been  introduced  into  a  glass  or  gutta  percha  trough  of  sufficient 
width  to  allow  the  introduction  of  the  glass  plate  upon  w^hich  the 
collodion  is  spread,  the  prepared  plate,  within  half  a  minute  after 
the  film  has  been  poured  over  its  surface,  is  introduced  into  the 
solution  of  nitrate  of  silver ;  in  from  2  to  3  minutes'  time  it 
is  thoroughly  impregnated  with  iodide  of  silver,  and  when  with- 
drawn from  the  bath  it  has  assumed  an  opaque  cream  colour. 
These  operations  must  be  effected  in  a  room  illuminated  by  light 
admitted  through  a  yellow  blind,  or  by  the  light  of  a  candle 
screened  by  yellow  glass. 

3.  Exposure  in  the  Camera. — The  prepared  plate  is  to  be  imme- 
diately introduced  into  the  slide  of  the  camera,  in  which  it  is 
to  be  exposed  to  the  object  for  a  few  seconds  (from  3  or  4  to  30 
or  40),  according  to  the  nature  of  the  object  and  the  intensity  of 
the  light.  The  slide  is  then  withdrawn  from  the  camera,  and  the 
plate  when  examined  will  not  be  found  to  exhibit  any  image. 

*  A  suitable  pyroxylin  for  this  purpose  may  be  obtained  by  taking  a  mix- 
ture of  pure  sulphuric  acid,  sp.  gr.  i'833  at  60°,  io'4  fluid  drachms,  nitric  acid, 
8p.  gr.  I  "448,  io'3  fluid  drachms,  water  i  fluid  drachm — mix  these  liquids,  and 
raise  the  temperature  to  130°  F.,  if  necessary,  by  immersing  the  vessel  in  hot 
water.  Immerse  the  paper  in  the  acid  (in  the  proportion  of  about  20  grains  to 
the  ounce)  and  let  it  remain  in  the  acid  for  20  or  30  minutes.  Then  press  out 
the  acid  with  a  glass  rod  as  completely  as  possible,  and  throw  the  pyroxylin  into 
a  large  volume  of  cold  water,  and  wash  for  half-an-hour ;  afterwards  soak  it 
well  in  water  for  some  hours,  lastly,  wring  it  out  in  a  cloth,  and  dry  at  a  heat 
not  exceeding  100°  F.  The  substance  thus  obtained  is  completely  soluble  in 
a  mixture  of  ether  and  alcohol.  It  is  essential  to  attend  to  the  strength  of 
the  acids  and  to  the  temperature  employed.  The  proportions  of  acid  are 
2(110,^05)4(110,803)  7  aq.  (Hadov^',  Quart.  Journ.  Chem.  Soc,  vii.  201). 
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4.  Developing  the  Image. — A  latent  imagCj  however^  exists^  and 
it  may  be  developed  in  the  following  manner  : — Previous  to  com- 
mencing the  operation,  a  developing  liquid  is  prepared  by  dissolving 

1  grain  of  pyrogallic  acid,  from  10  to  30  minims  of  glacial  acetic 
acid,  and  10  minims  of  alcohol,  in  an  ounce  of  distilled  water. 
Half  an  ounce  or  more  of  this  liquid  is  then  to  be  poured  over  the 
plate  immediately  after  its  removal  from  the  camera.  The  nega- 
tive image  which  is  thus  gradually  developed,  will  be  more  intense 
if  immediately  before  using  the  pyrogallic  solution  an  addition  be 
made  to  it  of  the  same  solution  of  nitrate  of  silver  as  is  employed 
in  the  bath,  in  the  proportion  of  %  drops  to  each  drachm  of  the 
developing  liquid. 

The  exact  reaction  which  occurs  in  this  remarkable  process  is 
not  known.  The  pyrogallic  acid,  however,  is  a  substance  which 
has  a  strong  tendency  to  combine  with  oxygen,  and  under  the 
conjoined  action  of  iodide  of  silver  and  nitrate  of  silver  (the 
presence  of  this  salt  in  excess  being  necessary  to  the  reaction) 
a  portion  of  silver  is  reduced  somewhat  in  the  manner  represented 
by  the  subjoined  symbols,  in  which  P  represents  pyrogallic   acid. 

(i)      aTi     A^Oe  P 

(2)     Ag     fA^     NO^P 

Unless  the  plate  has  been  exposed  to  light,  the  result  would  be  such 
as  is  shown  in  No.  i,  in  which  no  action  is  represented  as  having 
occurred.  In  No.  2  the  silver  is  represented  as  having  been  libe- 
rated upon  the  surface  of  the  film  of  collodion,  the  quantity  of  iodide 
of  silver  remaining  unaltered,  but  the  iodine  being  transferred  to  a 
particle  of  silver  previously  in  combination  with  nitric  acid,  whilst 
the  nitric  and  pyrogallic  acids  react  upon  and  destroy  each  other. 
Other  solutions  may  be  employed  for  developing  the  latent 
image.  One  which  answers  very  well  for  this  purpose  consists  of, — 
crystallized  sulphate  of  iron  from  1 2  to  20  grains,  glacial  acetic  acid 
20  minims,  alcohol  10  minims,  and  water  i  ounce.  It  is  not,  how- 
ever, so  well  adapted  for  the  production  of  deep  shadows  as  the  pyro- 
gallic acid.  When  the  picture  is  sufficiently  distinct,  it  must  be 
washed  with  clean  water,  and  fixed  by  immersing  it  in  a  solution  of 
hyposulphite  of  soda  till  the  cream-coloured  iodide  of  silver  is  en- 
tirely removed.    A  solution  of  cyanide  of  potassium,  containing  from 

2  to  1 2  grains  of  the  salt  in  an  ounce  of  water,  may  be  substituted 
for  the  hyposulphite  of  soda  for  the  purpose  of  fixing  the  image. 
The  picture  is  again  to  be  thoroughly  washed  in  clean  water ;  it  is 
allowed  to  dry,  then  heated  before  a  fire  until  the  fingers  can  but  just 
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bear  to  toucli  the  glass,  and  the  film  is  protected  from  mechanical 
injury  by  covering  it  with  a  coat  of  transparent  spirit  varnish  by  a 
manipulation  similar  to  that  employed  in  coating  the  plate  with 
collodion.  This  varnished  photograph  may  then  be  employed  for 
procuring  positive  pictures  by  means  of  the  sensitive  paper  prepared 
with  chloride  of  silver  upon  Mr.  Talbot^s  plan  (882).  By  the  addi- 
tion of  a  certain  proportion  of  iodide  of  iron_,  and  by  other  means, 
the  sensitiveness  of  the  collodion  film  to  the  action  of  light  may 
be  so  highly  exalted,  that  moving  objects,  such  as  the  waves  of  the 
sea,  or  a  crowd  of  people,  may  be  successfully  depicted  by  the 
instantaneous  action  of  light  upon  the  plate. 

(885)  Albuminized  Plates. — M.  Niepce  de  St.  Victor  introduced 
the  employment  of  glasses  coated  with  albumen,  obtained  by 
beating  up  whites  of  eggs  with  i  per  cent,  of  iodide  of  potassium  : 
the  liquid  is  to  be  placed  for  12  or  24  hours  in  deep  vessels,  to 
become  clear,  after  which  the  supernatant  liquid  is  to  be  poured  upon 
glass  so  as  to  produce  a  uniform  layer ;  it  is  then  allowed  to  dry 
for  12  hours,  and  is  fit  for  the  bath  of  nitrate  of  silver.  Albu- 
minized glasses  may  be  preserved  for  some  weeks  without  injury; 
they  may  be  excited  by  means  of  Talbot's  mixture  of  acetonitrate 
of  silver  with  gallic  acid  (883).  The  image  is  developed  by  means 
of  a  solution  of  gallic  acid,  after  the  plate  has  been  exposed  in  the 
camera. 

(886)  Photographic  Engraving  and  Lithography. — In  the  year 
1827,  M.  Niepce  published  a  process  for  obtaining  pictures  by  the 
aid  of  light,  the  basis  of  which  was  the  fact  that  the  bitumen  of 
Judea,  when  exposed  to  the  sun's  rays,  becomes  insoluble  in  oil  of 
lavender,  whilst  those  parts  which  have  remained  in  shadow  pre- 
serve their  solubility.  This  process  has,  with  some  modification, 
been  applied  by  M.  Niepce  de  St.  Victor,  the  nephew  of  the 
inventor,  to  the  production  of  engravings  upon  steel.  Powdered 
asphalt  and  a  small  proportion  of  pure  beeswax  are  dissolved  in  oil 
of  lavender,  and  then  mixed  with  an  equal  volume  of  benzole.  The 
surface  of  the  steel  plate  which  is  to  be  engraved  is  first  care- 
fully cleaned  with  whiting  and  water,  after  which  a  solution  of 
hydrochloric  acid  in  20  parts  of  water  is  poured  over  it,  and 
the  plate  is  immediately  washed  and  dried.  The  solution  of  bitu- 
men is  then  poured  upon  the  plate  in  a  darkened  chamber,  and 
dried  by  the  application  of  a  gentle  heat.  A  good  positive  photo- 
graphic proof  is  now  applied  to  the  surface,  covered  with  glass,  and 
exposed  for  a  short  time  to  the  action  of  diffused  light.  The  ex- 
posed plate  is  next  subjected  to  the  action  of  a  mixture  of  3  parts 
of  rectified  naphtha  and  i  of  benzole;  the  parts  which   have  not 
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been  exposed  to  liglit  are  gradually  acted  upon  by  this  mixture. 
"When  the  process  of  solution  has  proceeded  far  enough^  the  sol- 
vent is  washed  off  with  water^  and  the  exposed  parts  of  the 
plate  are  ^bitten  in^  with  a  mixture  of  i  measure  of  nitric  acid, 
sp.  gr.  i'33,  2  measures  of  alcohol,  sp.  gr.  o'844,  ^^^  ^  measures 
of  water.  The  plate  is  then  submitted  to  the  ordinary  processes 
employed  in  aquatint  engraving. 

A  modification  of  this  process  has  been  applied  to  the  pur- 
poses of  lithography.  In  this  case  the  bitumen  is  dissolved  in 
ether,  and  poured  upon  a  properly  prepared  lithographic  stone ;  a 
negative  photograph  is  then  placed  upon  it,  and  exposed  to  the 
light.  The  plate  is  next  washed  with  ether,  which  dissolves  the 
unexposed  parts  of  the  film,  leaving  those  which  have  been  acted  on 
by  light.  The  stone  is  then  treated  with  dilute  acid,  and  thoroughly 
washed,  after  which  it  may  be  used  for  printing  with  ordinary 
lithographic  ink,  which  attaches  itself  to  the  parts  upon  which  the 
bitumen  is  left.  The  process  is  said  to  give  excellent  results 
(Pelouze  and  Fremy,  Traite,  iii.  477). 

(887)  Chrysotype, — Other  processes  more  or  less  analogous  to 
the  Talbotype  have  been  contrived :  one  of  them  was  invented  by 
Sir  John  Herschel,  and  described  by  him  under  the  name  of  the 
chrysotype  [Phil.  Ti'ans.,  1842,  pp.  206,  209).  Paper  is  washed 
over  evenly  with  a  solution  of  ammonio-citrate  of  iron,  of  such  a 
strength  as  when  dry  to  produce  a  good  yellow  colour.  It  is 
placed  in  sunshine  in  a  camera,  or  under  any  engraving  which  it 
may  be  intended  to  copy ;  after  a  few  minutes^  exposure  it  is  to  be 
removed,  and  instantly  washed  over  with  a  neutral  solution  of 
chloride  of  gold ;  a  positive  picture  is  thus  developed,  which 
assumes  great  sharpness,  becoming  gradually  deeper  up  to  a  certain 
point ;  at  the  instant  when  it  ceases  to  gain  in  intensity  (this 
point  being  easily  seized  by  practice),  the  picture  is  put  into  pure 
water,  and  rinsed  thoroughly  in  order  to  remove  the  excess  of 
solution  of  gold ;  it  is  then  fixed  with  a  solution  of  iodide  of 
potassium,  and  again  washed  to  remove  the  superfluous  salts. 

In  this  case  the  persalt  of  iron,  under  the  influence  of  the 
organic  matter  of  the  paper,  becomes  partially  reduced  to  a 
salt  of  the  protoxide,  in  the  parts  exposed  to  light ;  and  this  proto- 
salt  of  iron,  when  washed  over  with  the  solution  of  gold,  pre- 
cipitates this  metal  in  the  reduced  state,  and  thus  gives  rise  to  the 
coloured  image.  Water,  by  removing  the  excess  of  the  salts, 
fixes  the  picture  and  prevents  it  from  experiencing  further  change 
on  exposure  to  light. 

(888)  Daguerreotype. — In  the  year  1839,  M.  Daguerre  made 


THE  DAGUERREOTYPE  PROCESS.  1143 

known  his  beautiful  method  of  obtaining  photographic  pictures 
upon  metallic  plates.  The  essential  parts  of  this  process  are  as 
follows: — A  sensitive  film  of  the  iodide |)f  silver  upon  a  silver  plate 
is  exposed  to  the  action  of  light  in  the  camera.  The  latent  image 
is  then  developed  by  exposure  to  the  vapour  of  mercury,  after 
which  the  picture  is  fixed  by  means  of  hyposulphite  of  soda. 

1.  Polishing  the  Plate. — For  this  purpose,  a  polished  sheet  of 
plated  copper  is  taken,  and  cleaned  by  rubbing  it  over  first  with 
finely  powdered  tripoli  on  a  pledget  of  cotton  moistened  with  a  few 
drops  of  alcohol,  and  afterwards  with  dry  cotton,  until  when  breathed 
upon  the  metal  assumes  a  uniform  dull  surface,  from  which  the 
cloud  disappears  without  showing  any  patches  or  spots ;  after  this 
the  plated  carefully  polished,  by  means  of  a  long  polishing  board 
faced  with  buckskin.  If  this  preliminary  operation  be  not  care- 
fully performed,  the  subsequent  steps  will  not  lead  to  any  satis- 
factory result ;  the  touch  of  a  finger  upon  the  polished  surface  is 
sufficient  to  soil  it. 

2.  Iodizing. — The  plate  is  next  exposed  for  a  few  minutes  to 
the  vapour  of  iodine,  till  a  thin  yellow  film  is  produced  uniformly 
over  the  surface.  This  operation  should  be  performed  by  candle- 
light, or  in  a  room  furnished  with  a  wdndow  supplied  with  yellow 
glass ;  the  plate  must  be  protected  from  diffused  daylight. 

3.  Exposure. — If  such  a  plate  be  exposed  for  a  few  minutes 
in  the  focus  of  a  double  achromatic  lens,  adjusted  to  a  camera 
obscura  in  such  a  manner  that  the  image  of  the  object  to  be 
copied  shall  fall  upon  the  iodized  surface,  it  undergoes  an  altera- 
tion which,  however,  is  not  perceptible  on  withdrawing  the  plate 
from  the  camera. 

4.  Development. — But  if  the  plate  be  exposed  for  a  few  minutes 
to  the  vapour  of  mercury,  heated  to  about  140°  F.,  the  latent  image 
gradually  appears,  with  all  the  shadows,  lights,  and  half  tints  faith- 
fully reproduced.  Much  of  the  success  depends  upon  the  proper 
length  of  exposure  to  the  action  of  light,  and  in  this  respect  practice 
is  the  best  guide ;  if  too  short  a  time  be  allowed,  the  picture  is 
dark  and  indistinct;  if  the  light  has  acted  too  powerfully, the  shadows 
become  metallic  in  appearance,  and  ill  defined ;  and  if  the  action  be 
continued  for  a  sufficient  length  of  time,  the  picture  becomes 
reversed,  or  negative,  the  shadows  in  such  a  case  being  represented 
by  lights,  and  the  lights  by  shadows.  A  due  exposure  to  the  mer- 
curial vapours  constitutes  an  important  part  of  the  operation  ;  for 
if  this  exposure  be  insufficient,  the  whites  have  a  bluish  cast,  and  if 
it  be  too  long  continued,  the  blacks  become  indistinct  and  misty. 

Mr.  Goddard,  in  the  year  1841,  discovered  that  the  iodized  plate 
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may  be  rendered  very  much  more  sensitive  to  the  action  of  lights 
by  exposing  it  for  a  few  seconds  to  the  vapour  of  bromine,  or  of 
chloride  of  bromine,  so  as  to  obtain  a  mixed  film  of  iodide  and 
bromide  of  silver,  or  of  iodide,  chloride,  and  bromide  of  silver. 
The  process  thus  was  rendered  applicable  to  portraits,  and  the 
operation  could  be  accomplished  in  as  many  seconds  as  it  before 
required  minutes.  The  usual  practice  now  is,  after  having  obtained 
an  orange- coloured  film  by  exposure  of  the  silver  plate  to  the 
vapour  of  iodine,  to  expose  it  to  the  fumes  of  bromine  from 
bromide  of  lime,  until  the  film  assumes  a  rose  colour ;  after  which 
it  is  a  second  time  returned  to  the  iodine  box,  for  a  period  equal 
to  one  third  of  that  occupied  by  the  first  iodizing.  The  plate  is 
then  exposed  in  the  camera,  after  which  it  is  mercurialized. 

In  order  to  fix  these  pictures,  Daguerre  employed  a  solution  of 
hyposulphite  of  soda,  and  then  washed  the  plates  with  water.  The 
effect  of  the  Daguerreotype  may  be  much  improved  by  gilding 
them  by  the  process  of  M.  Fizeau;  they  are  thus  rendered 
less  liable  to  mechanical  injury,  and  a  richer  and  warmer  effect  is 
given  to  the  impression  : — for  this  purpose,  i  part  of  neutral  chloride 
of  gold  and  3  parts  of  hyposulphite  of  soda  may  be  dissolved  in 
500  parts  of  water ;  the  plate  having  been  placed  in  a  horizontal 
position,  is  to  be  completely  covered  with  a  small  quantity  of  this 
liquid,  and  the  plate  is  heated  by  a  large  spirit-lamp  flame  until 
small  bubbles  appear  on  its  surface.  All  traces  of  iodide  of  silver 
are  thus  removed,  and  the  surface  of  the  plate  becomes  coated 
with  a  thin  film  of  reduced  gold.  It  must  then  be  washed  with 
distilled  water,  drained,  and  dried  by  the  application  of  a  gentle 
heat  to  the  back  of  the  plate. 

The  following  theory  may  be  offered  in  explanation  of  the  changes 
which  occur  during  the  production  of  the  Daguerreotype  image. 
Under  the  influence  of  light  the  superficial  layer  of  iodide  of  silver 
is  modified  so  as  to  render  it  susceptible  of  decomposition.  "When 
the  plate  is  acted  upon  by  the  mercurial  vapour,  the  iodine  is 
driven  to  the  deeper  layer  of  silver,  and  a  film  of  silver  is 
liberated  upon  the  surface  of  those  parts  which  have  been  exposed 
to  the  action  of  light,  the  thickness  of  this  film  varying  with 
the  intensity  and  duration  of  the  light.  The  reduced  silver  com- 
bines with  the  mercury,  and  a  film  of  silver  amalgam  is  formed, 
varying  in  thickness  with  the  thickness  of  the  silver  film ;  in 
consequence  of  which  .the  reflected  tints  differ  according  to  the 
varying  thickness  of  this  film  :  those  parts  of  the  iodized  plate 
which  have  not  been  exposed  to  the  light,  of  course  do  not  com- 
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bine  with  the  mercury.  After  the  plate  has  been  treated  with 
hyposulphite  of  soda,  the  excess  of  iodide  of  silver  is  removed,  and 
the  blacks  consist  of  metallic  silver.  Experiment  proves  that 
those  parts  of  the  plate  immediately  beneath  the  highest  lights, 
are  more  deeply  corroded  than  the  others,  by  the  action  of  the 
iodine,  which  has  been  driven  inwards  during  the  process  of 
mercurialization. 

In  complete  accordance  with  the  foregoing  explanation,  is  a 
curious  fact  first  pointed  out  by  Mr.  Shaw,  that  if  a  plate  after 
it  has  received  the  impression  in  the  camera,  but  before  it  has 
been  mercurialized,  be  exposed  to  the  vapour  of  iodine  or  bromine 
for  a  few  sdconds,  the  image  is  completely  effaced,  and  is  no  longer 
producible  by  mercury. 

The  surface  of  the  plate  is  rendered  uneven  by  the  operation 
of  light  upon  it,  so  that  it  admits  of  being  copied  by  the  process 
of  electrotyping  (874).  Impressions  on  paper  have  been  printed 
from  an  etched  Daguerreotype  plate,  the  biting-in  being  produced 
by  dilute  nitric  acid,  which  attacks  the  shadows  (the  reduced  silver), 
and  leaves  the  lights  (the  amalgam)  untouched. 

(889)  Actioti  of  the  Solar  Spectrum  on  Photographic  Bodies. — 
If  a  pure  solar  spectrum  be  allowed  to  fall  upon  a  sheet  of  sensi- 
tive paper,  prepared  by  washing  it  over  first  with  common  salt, 
and  then  with  nitrate  of  silver,  it  will  be  speedily  apparent  that 
the  chemical  action  is  not  uniformly  distributed  over  the  luminous 
image.  The  maximum  of  light  falls  in  the  yellow  rays  about  Fraun- 
hofer^s  line  d  (fig.  323),  whilst  the  maximum  of  chemical  action 
occurs  in  the  blue  portion  of  the  spectrum,  near  the  line  g,  about 
one-third  of  the  distance  between  it  and  the  line  h.  The  blacken- 
ing effect  generally  extends  as  far  as  f  in  the  green,  whilst  it  is 
prolonged  beyond  the  violet  end  of  the  spectrum  to  a  distance  nearly 
equal  to  two-thirds  of  the  length  of  the  luminous  spectrum,  the 
chemical  effect  gradually  shading  off  until  it  comes  imperceptible ; 
the  maximum  point  of  action,  however,  varies  with  the  preparation 
which  is  used.  When  the  Talbotype  iodized  paper  is  employed, 
the  maximum  blackening  is  found  on  the  extreme  limit  of  the  violet 
rays.  Where  the  bromide  of  silver  forms  the  sensitive  material, 
the  chemical  action  is  prolonged  into  the  red  ray,  and  the  greater 
part  of  the  impression  is  of  a  uniform  grey-black.  When  paper 
washed  with  chloride  of  gold  is  employed  as  the  sensitive  surface, 
the  maximum  effect  is  produced  between  the  green  and  the  blue 
rays,  and  the  chemical  action  does  not  extend  beyond  the  violet  ex- 
tremity for  more  than  half  the  distance  over  which  these  effects  arc 
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produced  upon  the  salts  of  silver.  In  fig.  323,  i  represents  the 
space  occupied  by  the  luminous  spectrum  on  white  paper;  2_,the  same 
spectrum  thrown  on  a  fluorescent  screen,  viz.,  turmeric  paper_, — by 
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which  it  is  rendered  visible  almost  to  the  extreme  limit  of  che- 
mical action ;  3,  the  chemical  spectrum  on  bromide  of  silver;  4, 
the  Talbotype  spectrum.  Sir  John  Herschel_,  Mr.  Hunt,  and  M. 
E.  Becquerel  have  succeeded  more  or  less  perfectly  in  obtaining 
coloured  impressions  of  the  spectrum  upon  chloride  of  silver,  but 
they  have  been  unable  to  fix  them.  Sir  J.  Herschel  {Phil.  Trans. 
1840),  says  that  the  impression  ^Svas  found  to  be  coloured  with 
sombre  but  unequivocal  tints,  imitating  those  of  the  spectrum  itself.^^ 
The  coloration  commenced  in  the  orange  rays.  M.  Becquerel 
appears  to  have  obtained  more  brjlliant  colours  by  employing  a 
plate  of  silver  which  had  been  superficially  converted  into  chloride 
by  immersing  it  in  dilute  hydrochloric  acid,  and  by  making  it  the 
positive  plate  of  a  voltaic  battery. 

Inactive  spaces  occur  in  the  chemical  spectrum,  which  corre- 
spond exactly  with  those  which  are  found  in  the  visible  spectrum, 
but  they  extend  also  into  the  prolongation  beyond  the  violet  ex- 
tremity, and  occur  there  in  great  number.  These  fixed  lines  may 
be  obtained  upon  Talbotype  paper,  or,  still  better,  upon  a  surface 
of  collodion,  in  the  following  manner  : — 

Let  s  s,  fig.  324,  represent  a  shutter  of  a  room  which  can  be  ren- 
dered completely  dark  ;  o  is  an  opening  or  slit  of  about  ^oth  of  an 
inch  wide,  through  which  a  beam  of  solar  light  is  reflected  by  a 
heliostat  m,  or  from  a  mirror,  the  angle  of  which  to  the  ray  admits 
of  regulation  from  within  the  room;  l  is  a  lens  of  from  20  to  30 
inches  focal  length  ;  p,  a  prism ; — the  lens  and  prism  may  be  made 
of  glass  free  from  striae,  but  they  are  best  constructed  of  rock  crystal: 
the  distance  of  l  from  the  aperture  is  equal  to  twice  its  focal 
length.  If  the  prism  be  placed  so  as  to  produce  the  minimum 
deviation  of  the  ray,  and  as  close  to  the  lens  as  can  be,  at  c  c, 
which  is  at  as  great  a  distance  behind  the  lens  l  as  o  is  in  front 
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of  it,  a  spectral  image  of  the  aperture  will  be  formed,  and  may  be 
received  upon  a  screen.  All  the  coarser  lines  of  the  visible  spectrum 
may  be  traced  by  the  unaided  eye,  when  the  spectrum  is  received 
on  a  screen  of  white  paper ;  and  if  a  sheet  of  turmeric  paper  be 
used,  many  of  the  lines  beyond  the  violet  are  also  rendered  visible  : 
by  substituting  a  sensitive  surface,  such  as  collodion,  for  the  screen 
of  white  paper,  a  faithful  copy  of  these  lines  may  be  obtained. 

Fig.  324. 


It  is  remarkable  that  the  chemical  rays  appear  to  be  identical 
with  those  which  ^rodmce  fluorescence,  as  the  phenomenon  investi- 
gated by  Professor  Stokes  (104)  has  been  termed.  If  the  solar  rays 
be  transmitted  through  a  layer  of  a  concentrated  but  colourless  solu- 
tion of  sulphate  of  quinine,  no  extra- spectral  prolongation  of 
chemical  action  is  produced  when  this  light  is  allowed  to  fall  upon 
a  sensitive  surface.  By  varying  the  source  of  light,  the  chemical 
powers  of  the  spectrum  are  varied  also.  The  chemical  action  of 
the  flame  of  the  hydrocarbons,  however  intense  the  light,  is  but 
feeble ;  that  of  the  lime  light  is  much  more  marked,  while  that  of  the 
electric  light  between  charcoal  points  greatly  surpasses  either ; 
and  these  results  coincide  exactly  with  their  relative  power  of 
exciting  the  phenomena  of  fluorescence. 

(890)  It  was  stated  50  years  ago  by  Bitter,  and  the  observa- 
tion has  been  confirmed  and  extended  by  Sir  J.  Herschel,  that  the 
two  ends  of  the  spectrum  produce  opposite  chemical  efiects,  though 
the  violet  appears  greatly  to  predominate  in  power.  If,  for 
example,  paper  soaked  in  nitrate  of  silver  be  partially  blackened 
by  exposure  to  difiused  daylight,  and  then  submitted  to  the  action 
of  the  solar  spectrum,  the  portion  upon  which  the  violet  end  falls 
speedily  becomes  much  darker,  while  the  portion  beneath  the  red 
rays  assumes  a  brick-red  hue.  If  the  spectrum  be  thrown  upon 
white  nitrated  paper,  and  difiused  daylight  be  allowed  at  the  same 
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time  to  fall  upon  it,  tlie  spot  where  the  red  rays  fall  retains  its 
whiteness  while  the  rest  of  the  paper  speedily  darkens.  It  thus 
appears,  that  by  combining  the  influence  of  two  rays  of  different 
refrangibilities,  effects  are  producible  which  cannot  be  obtained  by 
either  ray  separately. 

Blackened  nitrate  paper,  if  washed  over  with  a  solution  of  iodide 
of  potassium,  becomes  gradually  bleached  when  exposed  to  diffused 
daylight.  If  the  solar  spectrum  be  allowed  to  fall  upon  paper 
thus  prepared,  whilst  moist,  and  before  it  has  become  bleached,  the 
part  beneath  the  violet  end  is  quickly  bleached ;  but  this  effect  is 
bounded  by  a  sharp  border  in  the  yellow,  while  the  paper  under 
the  red  end  becomes  darker. 

Mr.  Claudet  [Phil.  Transactions,  1847)  fo^nd  that  an  iodized 
Daguerreotype  plate,  when  submitted  in  the  focus  of  a  camera 
to  the  red  image  of  the  sun  as  seen  through  a  London  fog, 
became  subsequently  whitened  on  exposure  to  the  vapour  of 
mercury,  in  all  parts,  excepting  in  the  track  traversed  by  the  image 
of  the  sun — this  portion  continued  perfectly  black.  In  another 
experiment,  a  plate  was  covered  with  black  lace,  and  exposed 
to  diffused  daylight ;  after  a  few  minutes'  exposure,  one  half  of  the 
plate  was  covered  with  an  opaque  screen,  the  other  half  with  a 
red  glass,  and  the  exposure  was  continued  for  a  short  time  :  in  the 
tnercury  box  the  red  half  continued  black,  whilst,  on  the  other 
portion,  the  image  of  the  lace  was  distinctly  traced.  The  photo- 
graphic effect  at  first  produced  over  the  whole  plate  had  in  fact 
been  neutralized  by  the  red  glass.*  A  pleasing  variation  of 
the  last  experiment  was  made  by  exposing  an  iodized  plate 
to  diffused  daylight,  then  covering  it  with  a  piece  of  black 
lace,  and  screening  it  with  a  red  glass ;  a  negative  picture 
was  now  developed  in  the  mercury  box,  the  red  glass  having 
destroyed  all  photographic  action  except  on  those  parts  screened 
by  the  lace.  Orange  and  yellow  glasses  give  similar  results. 
After  exposing  a  plate  to  daylight,  and  then  submitting  it  to  the 
action  of  red  glass,  it  again  becomes  sensitive  to  light,  so  that,  as 
M.  Claudet  observes,  it  is  no  longer  needful  to  prepare  the  plates  in  a 
dark  chamber,  as,  if  placed  beneath  a  covering  of  red  glass,  they  are 
always   ready   for  immediate  use, — even  though  subsequently  to 


*  It  must  be  borne  in  mind  that  all  results  obtained  by  coloured  media 
are  liable  to  ambiguity,  as  it  seldom  happens  that  the  light  transmitted 
through  them  is  homogeneous  (102) ;  the  effects  are  liable  to  become  compli- 
cated from  the  intermixture  of  results  produced  by  rays  from  different  parts 
of  the  spectrum. 
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their  preparation  they  may  have  been  for  some  time  exposed  to 
solar  light. 

But  though  the  red  and  yellow  glass  have  the  power  of  com- 
pletely counteracting  the  effect  of  the  radiation  of  the  more 
refrangible  rays,  they  have  a  peculiar  effect  of  their  own.  The 
neutralizing  power  of  the  red  ray  is  exerted  more  slowly  than  the 
photographic  effect  of  the  white  light_,  nearly  in  the  proportion  of 
lOO  to  I  ;  that  of  the  yellow  ray  was  found  to  be  about  lo  to  i. 

From  the  foregoing  remarks  it  is  evident  that  the  colour  of 
objects  must  exert  a  material  influence  upon  the  nature  of  the 
photographic  images  produced.  E-eds  and  yellows,  from  the  want 
of  chemical  energy  in  this  portion  of  the  ray,  will  be  characterized 
by  absence  of  photographic  action  in  the  image,  and  will  be 
represented  by  black  spots,  which  often  produce  singular  disfigure- 
ment in  portraits.  Yellow  freckles,  for  instance,  on  the  skin  of 
the  face  are  accurately  copied,  but  are  depicted  in  the  portrait  as 
black  spots.  Much  judgment  and  knowledge  is  therefore  required 
in  selecting  a  dress  of  a  colour  which  is  adapted  to  produce  a 
suitable  depth  and  contrast  of  tint  in  the  photograph. 

(891)  Action  of  the  Solar  Spectrum  on  Vegetable  Colours. — 
This  subject  has  been  particularly  examined  by  Sir  J.  Herschel  [Phil. 
Trans. y  1842).  White  paper  coloured  with  various  vegetable  juices 
was  subjected  by  him  to  the  influence  of  the  prismatic  spectrum,  and 
in  some  cases  these  papers  were  washed  over  with  solutions  of  metallic 
salts.  The  following  are  the  most  important  general  conclusions 
which  may  be  drawn  from  these  experiments  : — i.  That  the  action 
of  light  is  in  almost  all  cases  of  a  nature  to  obliterate  the  colour ; 
or  if  it  does  not  entirely  bleach  it,  a  faint  residual  tint  is  left,  upon 
which  it  has  little  further  action.  The  older  the  paper  or  the 
tincture,  the  more  decided  is  this  residual  tint,  which  is  probably 
the  result  of  an  oxidizing  action  upon  the  colouring  material,  inde- 
pendent of  the  action  of  light.  2.  The  action  is  confined  to  the 
luminous  rays  of  the  spectrum, — offering  in  this  respect  a  marked 
difference  between  these  actions  and  those  produced  upon  the 
metallic  compounds.  3.  The  rays  which  are  most  effective  in 
destroying  a  given  tint  are  in  many  cases  those  which  are  com- 
plementary (102)  to  the  tint  destroyed.  Orange-yellows,  for 
instance,  are  bleached  most  powerfully  by  the  blue  rays :  blues  by 
the  red,  orange,  and  yellow  fays ;  and  purples  and  pinks  by  the 
yellow  and  green  rays. 


4  B 
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CHAPTER  XIX. 

ON    THE    DETERMINATION   OF  THE    EQUIVALENT    NUMBERS    OF    THE 
ELEMENTARY    BODIES. 

(892)  Aid  derived  from  Analysis  in  Fixing  the  Equivalent  of  a 
Body. — The  determination  of  the  equivalent  number  of  a  body  is 
an  operation  of  great  delicacy,  and  often  involves  many  very  diffi- 
cult questions.  The  first  object  which  the  chemist  has  in  view  is 
to  select  some  substance  the  composition  of  which  is  tolerably 
simple,  which  can  readily  be  procured  in  a  state  of  purity,  and  to 
determine  the  proportions  of  each  of  its  components  in  1 00  parts  of 
it.  It  is  of  great  importance  that  the  operations  by  which  these 
results  are  obtained  should  be  as  few  in  number,  and  as  simple 
and  manageable  as  possible.  It  is  not,  however,  sufficient  that 
three  or  four  different  experiments  conducted  in  the  same  manner 
should  give  uniform  results  :  the  mode  of  analysis  adopted  should, 
if  possible,  be  varied  so  as  to  escape  any  unperceived  source  of  error 
which  depends  upon  the  process  employed.  It  is  also  desirable  to 
vary  the  compound  upon  which  the  analysis  is  made.  Thus,  the 
equivalent  of  a  metal  may  in  some  instances  be  ascertained  by 
fixing  the  proportion  of  oxygen  which  a  given  weight  of  the  metal 
requires  for  its  conversion  into  the  state  of  oxide ;  in  other  cases, 
by  decomposing  a  known  weight  of  the  pure  oxide  in  a  current  of 
hydrogen,  the  proportion  of  oxygen  and  of  metal  can  be  deter- 
mined very  exactly  by  ascertaining  the  loss  of  weight  which  the 
oxide  experiences.  It  is,  however,  advisable  to  check  these  results, 
not  only  by  trials  upon  different  quantities  of  the  metals,  or  of  the 
oxide  prepared  at  different  times,  but  also  (in  order  to  guard 
against  the  occurrence  of  any  unperceived  impurity  in  the  substance 
under  experiment)  to  ascertain  if  the  analysis  of  the  chloride,  the 
sulphide,  or  some  other  compound  of  the  metal,  gives  a  similar 
numerical  value  for  its  combining  proportion. 

(893)  Aid  derived  from  Isomorphism,  Specific  Heat,  and  Combining 
Volume  of  Vapoygg^ — The  determination  of  the  chemical  equivalent 
of  an  element,  however,  does  not  rest  simply  upon  the  knowledge 
of  the  proportion  in  which  it  enters  into  combination  with  a  given 
amount  of  oxygen  or  of  any  other  simple  body.  When  a  substance 
forms  but  a  single  combination  with  oxygen,  the  simplest  hypo- 
thesis is  that  the  compound  so  formed  consists  of  a  single  equiva- 
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lent  of  each  of  its  components.  Thus  magnesium  and  zinc  each 
form  but  a  single  oxide,  and  they  are  assumed  to  be  protoxides,  or 
oxides  containing  i  equivalent  of  the  metal  to  i  equivalent  of 
oxygen.  Such  oxides  neutralize  a  quantity  of  nitric  acid  which 
contains  five  times  as  much  oxygen  as  the  base.  But  it  not  unfre- 
quently  happens  that  the  same  metal  forms  two  oxides,  in  one  of 
wliich  a  given  weight  of  oxygen  combines  with  twice  as  large  a 
proportion  of  the  metal  as  in  the  other :  for  example,  8  parts  of 
oxygen  unite  with  either  3175  of  copper  to  form  the  black  oxide, 
or  with  6y^  of  the  metal  to  form  the  red  oxide,  and  both  oxides  can 
combine  with  acids.  In  like  manner,  8  parts  of  oxygen  form  with 
mercury  two  salifiable  oxides,  one  containing  100,  the  other  200  of 
mercury.  The  question  to  be  determined  then  is,  which  of  these 
numbers  is  to  be  regarded  as  the  equivalent  of  the  metal  ?  In 
cases  of  this  kind,  the  j  udgment  requires  aid  from  analogy,  or  from 
collateral  circumstances,  such  as  the  isomorphism  of  the  bodies 
when  compared  with  others  of  known  composition ;  the  circum- 
stance that  the  specific  heat  of  the  body,  when  multiplied  into  its 
supposed  equivalent,  yields  the  same  product  as  that  obtained  by 
multiplying  the  specific  heat  of  some  other  element  into  its 
admitted  equivalent  number;  or  the  formation  of  a  volume  of 
vapour  from  the  supposed  equivalent,  which  is  equal  in  bulk 
to  the  volume  of  an  equivalent  of  hydrogen.  Such  assistance 
is  afforded  in  the  case  of  copper  by  the  isomorphism  of  the  com- 
pounds of  the  black  oxide  of  this  metal  with  corresponding  com- 
pounds of  zinc  and  magnesia.  If  zinc  be  a  protoxide,  the  black 
oxide  of  copper  is  also  a  protoxide,  and  the  red  oxide  must  be 
considered  as  a  suboxide.  Another  character  of  some  impor- 
tance, but  subordinate  to  that  of  isomorphism,  is  afibrded  by  the 
specific  heat  of  the  metal.  Assuming  zinc  to  be  a  protoxide,  its 
equivalent  number  is  32*5,  and  its  specific  heat  is  found  to  be 
0*0955  ;  the  product  of  these  two  numbers  is  3*103.  The  specific 
heat  of  copper  is  0-0951,  and  assuming  the  black  oxide  to  be  the 
protoxide,  its  equivalent  is  3175;  the  product  of  these  two  num- 
bers is  3*0x9,  or  nearly  the  same  as  in  the  case  of  zinc ;  whereas,  if 
the  red  oxide  were  assumed  to  be  the  protoxide,  it  would  be  double 
this  number.*  4^ 

*  If,  however,  this  consideratioii  were  allowed  to  be  decisive,  it  would  be 
necessary  to  modify  the  numbers  generally  received  for  several  of  the  ele- 
ments. The  equivalents  of  bromine,  of  iodine,  of  phosphorus,  of  arsenic,  of 
antimony,  of  silver,  and  of  gold,  would  require  to  be  reduced  by  one  half. 

4  E  2 
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In  the  determination  of  tlie  equivalent  of  mercury,  assistance 
may  be  derived  from  another  character;  since  as  it  is  a  volatile 
metal  it  can  be  converted  into  vapour_,  and  the  density  of  that 
vapour  can  be  ascertained.  Now  the  specific  gravity  of  the  vapour 
of  mercury  is  6-976,  and  that  of  hydrogen  is  0*0694;  or  allowing 
for  unavoidable  errors  of  experiment,  the  density  of  mercurial 
vapour  is  too  times  as  great  as  that  of  hydrogen.  An  equivalent 
of  hydrogen  =  i  gives  a  volume  of  vapour  which  occupies  double 
the  space  of  that  required  by  an  equivalent  of  oxygen.  If  100  be 
assumed  as  the  equivalent  of  mercury,  it  yields  a  volume  of  vapour 
equal  to  that  of  an  equivalent  of  hydrogen,  or  double  that  of 
oxygen ;  whereas,  if  200  be  the  equivalent  of  mercury,  i  equivalent 
would  yield  4  times  the  volume  of  vapour  afforded  by  an  equi- 
valent  of  oxygen,  which  would  be  highly  improbable,  as  no  other 
element  possesses  any  similar  vapour  volume. 

It  is  not  safe,  however,  to  assume  in  cases  in  which  only  one 
compound  exists  between  an  element  and  oxygen,  that  such  com- 
pound is  necessarily  a  protoxide ;  aluminum  is  not  known  to  form 
more  than  a  single  oxide,  yet  chemists  do  not  hesitate  to  consider 
this  oxide  as  a  sesquioxide,  and  in  this  judgment  they  are  guided 
by  analogy  : — Thus,  those  bodies  which  are  admitted  to  be  prot- 
oxides are  generally  powerful  bases,  and  neutralize  the  acids  very 
completely ;  now  alumina  does  not  present  this  character  ;  its  salts 
have  a  powerful  acid  reaction  and  taste.  But  the  arguments  of 
most  weight  against  the  supposition  that  alumina  is  a  protoxide, 
are  derived  from  the  composition  and  properties  of  the  oxides  of 
iron.  Iron  forms  two  basic  oxides :  one  contains  but  two-thirds 
of  the  proportion  of  oxygen  which  is  present  in  the  other.  The 
oxide  of  iron  with  the  smaller  proportion  of  oxygen  is  a  powerful 
base,  and  forms  salts  with  acids  which  are  isomorphous  with  those 
of  magnesia  and  zinc.  It  is  consequently  regarded  as  a  protoxide, 
and  the  other  oxide  is  looked  upon  as  a  sesquioxide  ;  the  basic  pro- 
perties of  the  latter  are  much  more  feeble,  and  the  salts  which  it 
forms  with  acids  have,  like  the  salts  of  alumina,  a  powerful  acid  reac- 
tion. Sesquioxide  of  iron,  moreover,  is  isomorphous  with  alumina 
when  in  combination.  An  iron  alum  may  be  obtained  in  octohedral 
crystals,  in  which  ^the  place  of  the  aluminum  is  supplied  by  that  of 
iron :  and  native  peroxide  of  iron  is  found  in  forms  of  the  rhom- 
bohedral  system  isomorphous  with  'native  alumina  in  corundum. 
Hence,  if  the  red  oxide  of  iron  be  a  sesquioxide,  alumina  must  be 
a  sesquioxide  also. 
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An  excellent  illustration  of  tlie  value  of  isomorphism  in  these 
cases  is  also  afforded  by  the  oxides  of  chrome.  Until  the  publi- 
cation of  Peligot^s  researches  on  this  metal,  only  two  compounds 
of  clirome  with  oxygen  were  known,  viz.,  the  green  oxide  and 
chromic  acid;  the  acid  containing  twice  as  much  oxygen  as  the 
oxide.  In  these  two  compounds  the  proportion  of  oxygen  com- 
bined with  the  equal  weights  of  chromium  was  as  i  :  2,  or  as  i|^  :  3. 
But  there  was  little  difficulty  in  deciding  that  the  green  oxide  must 
be  regarded  as  a  sesquioxide,  for  the  green  oxide  of  chromium 
was  known  to  be  isomorphous  with  the  red  oxide  of  iron,  both  in 
its  uncombined  form,  and  when  in  combination  with  the  same 
acids.  Chromic  acid  would,  therefore,  contain  3  equivalents  of 
oxygen  to  i  of  the  metal.  But  evidence  still  more  conclusive 
of  the  accuracy  of  this  view  is  afforded  by  the  fact  that  chromic 
acid  is  isomorphous  with  manganic  acid;  the  latter  is  known  to 
contain  3  equivalents  of  oxygen,  as  it  is  the  acid  of  a  metal  which 
yields  an  oxide  with  a  given  weight  of  manganese  containing  one- 
third  of  the  oxygen  present  in  manganic  acid,  and  which,  more- 
over,  is  isomorphous  with  the  protoxide  of  iron.  Finally,  Peligot^s 
discovery  of  another  oxide  of  chromium,  with  a  smaller  proportion 
of  oxygen  than  either  of  the  compounds  previously  known,  fully  vin- 
dicated the  correctness  of  the  foregoing  deductions ;  for  Peligot^s 
new  oxide  was  found  to  contain  one-third  of  the  proportion  of 
oxygen  present  in  chromic  acid.  It  also  yielded  salts  isomorphous 
with  the  corresponding  salts  of  the  protoxide  of  iron,  and  the  pro- 
portion of  oxygen  which  it  contained  bore  the  same  relation  to  that 
present  in  the  green  oxide  of  chrome  that  the  oxide  in  the  protoxide 
of  iron  did  to  that  in  the  red  oxide  of  iron.  Peligot^s  new  oxide 
therefore  was  the  missing  protoxide  of  chromium. 


(894)  Numerical  data  from  which  the  Equivalents  of  the  Ele- 
ments have  been  calculated. 

The  following  are  the  data  npon  which  the  equivalent  numbers 
of  the  more  important  elementary  bodies,  given  at  page  1 7,  have 
been  determined  : — 

I.  Aluminum. — Berzelius  found  that  100  parts  of  the  tersulphate 
of  alumina  (AI2O3,  3  SO3)  lost  by  intense  ignition  70*066  of  sul- 
phuric acid;  hence,  assuming  the  equivalent  of  sulphuric  acid  as 
40,  that  of  aluminum  (hydrogen  being  =1)  is  13*672,  or,  if  oxygen 
=  100,  it  is  170*9. 


1154         DATA  FOR  THE  DETERMINATION  OF  THE 

3.  Antimony. — lOO  parts  of  metallic  antimony,  wlien  oxi- 
dized by  nitric  acid,  yield  124" 8  of  antimonious  acid  (SbOg, 
SbOg) ;  hence  its  equivalent  (H  =  i)  is  129*03  or  (0  =  ioo),  161 2*9 
(Berzelius) . 

3.  Arsenic. — Pelouze  decomposed  a  given  weight  of  chloride 
of  arsenic  by  means  of  water,  and  determined  the  quantity  of 
chloride  of  silver  which  it  produced  ;  a  mean  of  three  experiments 
gave  75,  or  937*5  as  the  equivalent  of  arsenic. 

4.  Barium. — Berzelius  found  that  100  parts  of  chloride  of 
barium  when  dissolved  in  water  yielded  112*175  of  sulphate  of 
baryta,  on  the  addition  of  sulphuric  acid ;  and  that  100  parts  of 
the  chloride  when  mixed  With  solution  of  nitrate  of  silver  yielded 
138*07  of  chloride  of  silver.  Pelouze,  by  precipitation  with  silver, 
obtained  results  almost  identical :  the  number  given  by  Berzelius 
is  68*42  ;  that  by  Pelouze  is  68*64,  or  858*03. 

5.  Bismuth. — 100  parts  of  the  metal  converted  into  nitrate, 
and  decomposed  by  heat  in  a  glass  vessel,  gave  111*275  of  oxide, 
BiOgj  hence  its  equivalent  is  2X2*86,  or  2660*75  (Lagerhjelm). 

6.  Boron. — According  to  Berzelius,  100  parts  of  borax  lost 
47*1  of  water,  and  yielded  16*31  of  soda,  leaving  for  boracic  acid  (by 
difference)  36*59 ;  and  Davy  found  by  the  direct  combustion  of 
boron,  that  100  parts  of  boracic  acid  contain  32  of  boron  and  68 
of  oxygen.  Tliis  would  make  the  equivalent  of  boron  10*9,  or 
136*2.  But  the  methods  which  were  employed  are  admitted  by 
Berzelius  not  to  be  such  as  to  warrant  entire  confidence  in  the 
accuracy  of  this  number. 

7.  Bromine. — Marignac  found  that  3*946  grammes  of  silver, 
when  dissolved  in  nitric  acid,  required  4*353  grammes  of  bromide 
of  potassium  for  its  complete  precipitation,  and  15*00  of  silver  con- 
verted into  nitrate  gave  26*11  of  bromide  of  silver:  taking  the  equi- 
valent of  silver  at  107*97,  a  mean  of  the  experiments  gives  the 
equivalent  of  bromine  as  79'97,  or  999*62.  It  may  without 
sensible  error  be  taken  as  80. 

8.  Cadmium. — Stromeyer  found  that  1 14*352  parts  of  the  oxide 
yielded  14*352  of  oxygen;  from  which  the  equivalent  of  this 
metal  is  55*74  or  696*767. 

9.  Calcium. — Dumas,  by  the  ignition  of  100  parts  of  Iceland 
spar,  obtained  ^6  parts  of  lime,  which  would  make  the  equivalent 
of  calcium  exactly  20.  Erdmann  and  Marchand  estimate  it  at 
20*03 ;  Marignac,  by  decomposition  of  a  known  weight  of  the 
chloride  of  calcium,  estimated  it  at  20*105;  and  Berzelius,  by  the 
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conversion  of  a  known  weight  of  pure  lime  into  sulphate,  found  it 
to  be  20*13  or  251*65. 

10.  Carbon. — The  determination  of  the  equivalent  of  carbon 
formed  the  subject  of  a  laborious  series  of  researches  by  Dumas 
and  Stas.  They  burned  graphite,  diamond,  and  charcoal  in  a 
current  of  pure  oxygen  with  scrupulous  care.  i'375  grammes  of 
diamond  gave  5*041  of  carbonic  acid :  and  the  mean  of  their 
results,  which  agreed  very  closely  with  each  other,  fixed  the  equi- 
valent of  carbon  at  6,  or  j^.  Similar  experiments  by  Erdmann 
and  Marchand  gave  them  as  a  result,  6*007  y  ^"^^  ^^^  results 
obtained  by  Liebig  and  Redtenbacher  coincide  very  nearly  with  the 
foregoing. 

11.  Chlorine. — Numerous  careful  experiments  have  been  made 
with  a  view  to  determine  the  equivalent  of  chlorine.  Marignac 
found  that  100  parts  of  chlorate  of  potash,  when  decomposed  by 
heat,  left  60*839  of  chloride  of  potassium ;  and  22*032  of  pure  silver 
required  15*2x6  of  chloride  of  potassium  for  its  complete  precipita- 
tion. 14*427  of  chloride  of  potassium  gave  27*749  of  chloride  of 
silver.  Berzelius  calculates  from  these  results  that  the  equivalent 
of  chlorine  is  35*46.  Maumene,  by  heating  chloride  of  silver  in  a 
current  of  hydrogen,  found  that  100  parts  of  silver  were  united  with 
32*856  of  chlorine.  The  same  chemist  obtained  from  100  parts 
of  chlorate  of  potash  60*791  of  chloride  of  potassium  :  and  from  too 
parts  of  chloride  of  potassium,  he  obtained  by  precipitation  192*75 
of  chloride  of  silver. 

These  experiments  furnish  data  from  which  the  equivalents  of 
potassium  and  of  silver  may  be  determined,  as  well  as  that  of 
chlorine,  in  the  manner  following :  — 

The  composition  of  chlorate  of  potash  is  represented  by  the 
formula  KO,  CIO5 ;  when  heated  it  gives  off  the  whole  of  its  6  equi- 
valents of  oxygen.  The  equivalent  of  chloride  of  potassium  therefore 
will  be  the  quantity  which  is  combined  with  48,  or  6  equivalents  of 
oxygen.  Now,  taking  Maumene's  result  that  39*209  parts  of 
oxygen  are  combined  in  chlorate  of  potash  with  60*791  of  chloride 
of  potassium,  we  have — 

39-2b9  :  48  ::  60*791  :  ^  (  =  74*4208,  i  eq.  of  KCl). 

If  100  parts  of  chloride  of  potassium  produce  192*75  of  chloride 
of  silver,  1  equivalent  or  74*4208  of  chloride  of  potassium  will 
furnish  i  equivalent  of  chloride  of  silver.      Thus — 

100  :  19275  :  :  74*4208  :  x  (  =  1 43*446,  Veq.  of  AgCl)  ; 
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and  1 3 2' 856  of  chloride  of  silver  contain  32*856  of  chlorine;  con- 
sequently (i  equivalent  of  chloride  of  silver  containing  i  equivalent  of 
chlorine)^  we  find  the  equivalent  of  chlorine  as  follows  : — 

132-856  :  32-856  :  :  143'44^  -  00  (  =  35'476): 
but  the  equivalent  of  chloride  of  silver  being  =14.^-^6 

that  of  silver  is  found  by  deducting  the  equivalent  of  Cl=   35*476 

leaving  the  equivalent  of  silver  =  107*970 

and  the  equivalent  of  chloride  of  potassium  being  =  74-4208 

deduct  from  it  the  equivalent  of  chlorine  =35-476 

we  obtain  the  equivalent  of  potassium  =38-9448 

No  material  error  can  therefore  arise  if  the  equivalent  of  chlorine 
be  taken  as  =   ^^'^  or    44375 

the  equivalent  of  silver  as  =io8-o  or  1250-0 

and  the  equivalent  of  potassium  as  =  39-0  or    487-5 

12.  Chromium. — The  equivalent  of  chromium  was  determined 
by  Berlin,  by  converting  chromate  of  silver  into  the  chloride ;  the 
number  thus  obtained  was  26-347.  And  that  deduced  from  the 
reduction  of  the  chromic  acid  to  the  sesquioxide  of  chrome,  in  the 
same  series  of  experiments,  was  26*27,  or  328*38. 

13.  Cobalt. — E-othoff  found  that  269*2  parts  of  the  protoxide  of 
cobalt  converted  into  protochloride  by  means  of  hydrochloric  acid 
and  precipitated  by  means  of  nitrate  of  silver,  gave  1029-9  ^^ 
chloride  of  silver  :  hence,  if  the  cobalt  be  in  the  form  of  protoxide, 
the  equivalent  of  cobalt  is  29-49,  or  ^6S-6^. 

14.  Copper. — Berzellus  obtained  from  7*68075  grammes  of  oxide 
of  copper,  which  were  reduced  in  a  current  of  hydrogen,  6*13075  of 
metallic  copper;  hence  the  equivalent  of  the  metal  is  31*75,  or 
395-69.  Erdmann  and  Marchand,  by  a  similar  method,  fixed  it 
at  31*76. 

15.  Fluorine. — Berzelius  found  that  100  parts  of  fluor  spar, when 
heated  with  an  excess  of  sulphuric  acid,  yielded  175  of  sulphate  of 
lime.  Louyet,  on  repeating  this  experiment,  obtained  174-361 
parts  of  sulphate  of  lime.  The  equivalent  of  fluorine  deduced  from 
this  latter  result  is  19,  or  237-5. 

16.  Gold. — Berzelius,  by  reducing  the  double  chloride  of  gold 
and  potassium  in  a  current  of  hydrogen,  determined  this  equiva- 
lent at  196-66,  or  2458-33.  By  an  earlier  series  of  experiments, 
he  found  that  1 42* ^f  metallic  mercury  precipitated  93*55  of  gold 
from  the  terchloride ;  3  equivalents  of  mercury  causing  the  preci- 
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pitation  of  2  equivalents  of  gold,  and  assuming  the  equivalent  of 
mercury  to  be  loo,  this  would  make  the  equivalent  of  gold 
196*44.      This  number  is  double  that  given  at  p.  17. 

17.  Hydrogen. — The  equivalent  of  hydrogen  was  determined 
with  great  care  by  Dumas,  by  the  method  already  described  at 
p.  470.  He  ascertained,  as  a  mean  of  nineteen  experiments,  that 
8  parts  of  oxygen  combined  with  1*0012  of  hydrogen  to  form  water ; 
the  lowest  quantity  which  these  experiments  gave  being  0*9984,  the 
highest  1*0045.  '^liG  quantity  of  water  collected  in  each  of 
these  experiments  was  considerable,  varying  from  230  to  iioo 
grains.  Erdmann  and  Marchand  repeated  these  experiments 
with  similar  results.  Berzelius  and  Dulong  concluded,  from 
researches  performed  long  previously  upon  a  similar  principle, 
though  on  a  smaller  scale,  that  the  quantity  of  hydrogen  united 
w4th  8  parts  of  oxygen  was  0*9984,  which  coincides  with  the  lowest 
number  obtained  by  Dumas.  It  is  obvious  that  no  appreciable  error 
can  be  committed  by  assuming  hydrogen  to  possess  an  equivalent 
of  I,  that  of  oxygen  being  8,  or  12*5,  if  oxygen  be  taken  at  100. 

18.  Iodine. — Marignac  determined  this  equivalent  by  a  process 
analogous  to  that  which  he  employed  for  chlorine.  The  equiva- 
lent of  iodide  of  potassium  he  fixed  at  165*951  ;  deducting  from 
this  38*944,  the  equivalent  of  potassium,  we  obtain  127  as  the 
equivalent  of  iodine,  or  1587*5. 

19.  Iron. — Berzelius  found  that  1*586  grammes  of  pure  iron 
converted  first  into  nitrate,  and  then  into  sesquioxide  by  ignition, 
gave  2*265  of  sesquioxide ;  and  Svanberg  and  Norlin,  by  reducing 
sesquioxide  of  iron  in  a  current  of  hydrogen,  obtained  from  35783 
of  sesquioxide,  25*059  of  metallic  iron ;  making  the  equivalent  of 
iron  28*04,  or  350.5.  Erdmann  and  Marchand,  by  the  method 
last  named,  fixed  the  equivalent  at  28*001,  and  Maumene  has  also 
arrived  at  a  similar  result  by  the  oxidation  of  iron  by  aqua  regia, 
and  precipitating  the  oxide  by  means  of  ammonia. 

20.  Lead. — 21*9425  grammes  of  oxide  of  lead  were  reduced 
by  Berzelius  in  a  current  of  hydrogen,  and  gave  20*3695  of  me- 
tallic lead  ;  as  a  mean  of  five  experiments,  he  determined  the  equi- 
valent of  the  metal  at  1294*645,  or  lo^'^"].  This  result  has  been 
confirmed  by  Marignac. 

21.  Magnesium. — 100  parts  of  magnesia  dissolved  in  pure  sul- 
phuric acid  and  ignited,  gave  293*985  of  sulphate  of  magnesia; 
hence  the  equivalent  of  magnesium  would  %  iv6^,  or  158*14 
(Berzelius). 
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Scherer,  by  determining  the  quantity  of  sulphate  of  baryta 
produced  by  a  given  weight  of  sulphate  of  magnesia,  determined 
the  equivalent  of  magnesium  at  i2*it.  Svanberg  and  Nordenfeldt, 
by  the  decomposition  of  the  oxalate  of  magnesia  (MgO,  C2O3,  :2  HO) 
by  heat,  estimate  it  at  i  v^^ ;  and  by  converting  a  known  weight 
of  magnesia  into  sulphate,  found  it  to  be  12*37  ;  and  Marchand  and 
Scherer,  by  ignition  of  the  native  carbonate,  assign  to  it  the  number 
I2'02.      The  mean  of  these  results  is  I2'i6. 

22.  Manganese. — 4*20775  of  chloride  of  manganese  gave  Ber- 
zelius  9'575  of  chloride  of  silver;  the  equivalent  of  the  metal, 
from  a  mean  of  two  such  experiments  is  27*57,  or  344*684. 

23.  Mercury. — Erdmann  and  Marchand  obtained  from  118*3938 
grammes  of  red  oxide  of  mercury  109*6308  of  mercury;  a  mean  of  five 
experiments  give  100*1  or  1251*29  as  the  equivalent  of  the  metal. 

24.  Molybdenum. — The  equivalent  number  47*69  given  by 
Berzelius  he  regarded  only  as  an  approximation.  Svanberg  and 
Struve,  from  an  extensive  series  of  experiments  upon  this  metal, 
considered  that  the  most  accurate  results  were  obtained  by  roasting 
the  bisulphide  of  molybdenum  in  air  :  as  a  mean  of  their  experiments 
they  conclude  that  100  parts  of  the  bisulphide  yield  89*732  of 
molybdic  acid ;  and  hence,  if  the  equivalent  of  sulphur  be  taken 
at  16,  that  of  molybdic  acid  will  be  46*06.  Berlin,  from  the 
quantity  of  molybdic  acid  left  by  the  salt  (H^NO,  2  M0O3  +  H4NO, 
3  M0O34-3  HO),  found  the  equivalent  (from  a  mean  of  four  experi- 
ments), to  be  45*98.  The  mean  of  these  results  scarcely  differs 
from  46*0  or  575. 

25.  Nickel. — Bothoff  converted  188  parts  of  oxide  of  nickel 
into  chloride,  and  obtained  from  it  718*2  of  chloride  of  silver;  the 
equivalent  of  nickel  hence  deduced  is  29*54  or  '^6(^-'^2)?>' 

26.  Nitrogen. — Marignac,  by  converting  200  grammes  of  silver 
into  nitrate,  obtained  3 14*894  of  the  salt ;  14*1 10  of  nitrate  of  silver 
required  for  precipitation  6*191  of  chloride  of  potassium;  10*339 
of  silver  converted  into  nitrate  required  5*120  of  chloride  of 
ammonium  for  complete  precipitation ;  the  mean  result,  as  calcu- 
lated by  Berzelius,  from  several  experiments  performed  in  this 
manner  gives  14*004  or  175*06,  as  the  equivalent  of  nitrogen.  Dr. 
Anderson,  by  the  decomposition  of  nitrate  of  silver  by  heat, 
concluded  that  the  equivalent  of  nitrogen  was  13*95  ;  and  Svanberg, 
from  the  analysis  of  nitrate  of  lead,  obtained  the  same  result :  the 
equivalent  of  nitrogMi  may  therefore  be  taken  as  14. 

27.  Oxygen. — ^he  equivalent  of  oxygen  is  the  standard   to 
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which  all  others  are  referred ;  it  is  found  to  be  a  multiple  by  8  of 
that  of  hydrogen. 

28.  Phosphorus. — According  to  Pelouze^  a  solution  of  100 
parts  of  silver  in  nitric  acid  are  required  to  precipitate  the  chlorine 
from  4274  of  terchloride  of  phosphorus  ;  the  equivalent,  therefore, 
would  be  32*02  or  400*3.  Berzelius,  from  the  silver  reduced  from 
sulphate  of  silver  by  a  known  weight  of  phosphorus,  estimated  the 
equivalent  phosphorus  at  31  "36;  and  Schrotter  concludes,  from  a 
mean  of  ten  experiments,  in  which  phosphorus  was  burned  in  a 
current  of  dry  air,  and  thus  converted  into  phosphoric  acid,  that 
the  true  equivalent  is  31. 

29.  Platinum. — Berzelius  found  that  6*981  grammes  of  the 
double  chloride  of  platinum  and  potassium,  when  reduced  in  a 
current  of  hydrogen,  gave  4*957  of  a  mixture  of  platinum  and 
chloride  of  potassium ;  2*822  of  this  was  platinum  :  hence  the  equi- 
valent of  platinum  is  98*5 6,  or  1232*08. 

30.  Potassium. — Marignac's  experiments  on  the  chlorate  of 
potash,  related  when  speaking  of  the  equivalent  of  chlorine, 
gave  the  equivalent  of  potassium,  39*1  ;  those  of  Maumene,  38*95, 
and  those  of  Pelouze,  39*14.     It  may  therefore  be  taken  as  39. 

31.  Silicon. — Berzelius  found  that  100  parts  of  silicon,  when 
oxidized,  yielded  208  parts  of  silica,  and  he  calculates  the  equiva- 
lent at  22*222.  Pelouze  states  that  a  solution  of  3*685  parts  of 
silver  in  nitric  acid  precipitated  1*454  of  chloride  of  silicon,  whence 
the  equivalent  would  be  21*36,  or  267.  In  the  present  work, 
however,  the  equivalent  has  been  taken  at  two-thirds  of  this  number, 
for  reasons  some  of  which  are  stated  at  page  611. 

32.  Silver. — This  equivalent  has  been  repeatedly  determined 
with  very  great  care.  Marignac,  by  precipitation  of  a  known 
weight  of  silver  from  its  solution  in  nitric  acid,  as  chloride,  esti- 
mates the  equivalent  as  107*97  ;  and  the  experiments  of  Pelouze 
and  of  Maumene  agree  almost  exactly  with  this  result ;  108,  or  1350, 
may  therefore  be  taken  as  the  equivalent  of  silver. 

'^'^.  Sodium. — Berzelius  found  that  100  parts  of  chloride  of 
sodium  gave  by  precipitation  244*6  of  chloride  of  silver ;  the  equiva- 
lent of  sodium  would  therefore  be  23*17.  Pelouze  found,  as  a 
mean  of  three  experiments,  that  100  parts  of  silver  required  for  pre- 
cipitation 54*144  of  chloride  of  sodium,  whence  the  equivalent  of 
sodium  would  be  22*97  or  287*17.     It  may  be  taken  as  23. 

34.  Sulphur. — The  equivalent  of  sulphur  was  estimated  by 
Berzelius  from  the  weight  of  sulphate  of  lead  formed  by  oxidizing 
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a  known  weight  of  lead  with  nitric  acid  and  heating  it  with  an 
excess  of  sulphuric  acid  till  the  weight  ceased  to  alter.  As  a  mean 
of  three  experiments,  loo  parts  of  lead  yielded  146*45  of  sulphate 
of  lead;  hence  the  equivalent  of  sulphur  would  be  16*064;  this 
result  was  confirmed  by  converting  chloride  of  silver  into  sulphide 
in  a  current  of  dry  sulphuretted  hydrogen.  Erdmann  and  Marchand 
made  the  equivalent  of  sulphur  exactly  16,  or  200.  Their  process 
consisted  in  distilling  cinnabar  with  copper  turnings :  100  parts  of 
cinnabar  gave  86*213  of  mercury  as  a  mean  of  2  experiments. 

35.  Tin. — 100  parts  of  tin_,  when  oxidized  by  nitric  acid  and 
ignited,  were  found  by  Berzelius  to  yield  127*2  parts  of  peroxide; 
from  which  the  equivalent  of  tin  would  be  58*82,  or  735*29.  Mulder 
states  that  he  obtained  from  100  parts  of  this  metal  127*56  of 
peroxide  of  tin,  which  would  make  as  the  equivalent  of  tin  58*05. 

^6.  Tungsten, — The  number  94*64  given  by  Berzelius  was 
only  an  approximation  to  the  true  one  for  this  metal.  Schneider, 
on  repeating  the  experiment  of  reducing  tungstic  acid  in  a  current 
of  hydrogen,  found  that  100  parts  of  the  acid  yielded  79*3 16  of 
the  metal,  and  on  oxidizing  metallic  tungsten,  and  reconverting  it 
into  tungstic  acid,  he  found  79*327  parts  of  metal  in  ico  of  acid; 
the  equivalent  of  tungsten  from  the  mean  of  these  results  would 
be  92*06.  Marchand,  by  similar  experiments,  fixed  it  at  92*05,  or 
1150*6.      It  may  be  taken  as  92. 

37.  Uranium. — Some  doubt  exists  as  to  the  exact  equivalent 
of  this  metal.  Peligot  estimates  it  at  750(0  =  100),  Wertheim 
at  740*51,  from  the  double  acetate  of  soda  and  uranium;  and 
Ebelmen  at  742*87,  from  the  oxalate;  Ebelmen's  number  would 
give  the  equivalent  on  the  hydrogen  scale  as  59*43. 

38.  Zinc. — M.  Favre,  from  the  analysis  of  the  oxalate  of  zinc, 
and  from  the  determination  of  the  quantity  of  hydrogen  which  a 
given  weight  of  zinc  liberates  during  its  solution  in  hydrochloric 
acid,  fixed  this  equivalent  at  33*0 ;  and  M.  Jacquelain,  by  the 
decomposition  of  the  nitrate,  and  of  the  sulphate  of  zinc  by  heat, 
obtained  the  number  33*12.  The  original  number  given  by  Ber- 
zelius for  this  metal  was  32*25.  Subsequently  Erdmann  prepared 
a  pure  oxide  of  zinc,  mixed  it  with  pure  charcoal  obtained  from 
sugar,  and  distilled  the  zinc  in  a  current  of  hydrogen ;  he  then 
oxidized  the  metal  by  nitric  acid,  and  converted  it  into  oxide  by 
ignition  ;  the  equivalent  of  zinc,  taking  a  mean  of  4  experiments 
conducted  in  this  manner,  was  32*52,  or  406*59.  Pelouze  obtained 
the  same  number  from  the  analysis  of  the  lactate  of  zinc. 

(895)  Table  of  Equivalent  Numbers. — We  may  here  sum  up  the 
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foregoing  results  by  stating  that  the  following  numbers  may  be 
taken  for  the  purpose  of  calculation,  as  representing  the  equiva- 
lents of  the  elementary  bodies  on  the  hydrogen  scale.  They  differ 
in  some  cases  slightly  from  the  numbers  given  at  page  17  : — 


Aluminum  . 

1 3"  7 

Antimony    . 

129-0 

Arsenic   .     . 

750 

Barium    .     . 

68t; 

Bismuth .     . 

213-0 

Boron      .     . 

10-9 

Bromine 

8o-o 

Cadmium     . 

55' 7 

Calcium  .     . 

20-0 

Carbon    .     . 

6-0 

Cerium   .     . 

46-0 

Chlorine 

35*5 

Chromium   . 

.    26-3 

Cobalt     .     . 

29'5 

Copper    .     . 

31-75 

Fluorine 

i9"o    1 

Glucinum    . 

7-0 

Gold  .     .     .     . 

196-6 

Hydrogen    . 
Iodine     .     . 
Iridium  .     . 
Iron    .     .     . 
Lantanium  . 
Lead  .     .     . 
Lithium  .     . 
Magnesium 
Manganese  . 
Mercury 
Molybdenum 
Nickel     .     . 
Nitrogen 
Osmium  .     . 
Oxygen  .     . 
Palladium    . 
Phosphorus 
Platinum     . 


i-o 

127-0 

98-6 

28-0 

46-0 

103-6 

6'5 

I2'l6 

27.6 

lOO'O 

460 

29*5 

140 

99*4 
8-0 

53*2 
31-0 
98-6 


Potassium 

•     39*0 

Ehodium 

.     .     52-2 

Ruthenium 

.     52-0 

Selenium 

•     39*6 

Silicon     . 

.     14-24 

Silver      . 

.  I08-0 

Sodium  .     . 

•     23-0 

Strontium 

.     43*8 

Sulphur  . 
Tellurium 

.     16-0 

.     64-0 

Thorinum 

.     59-5 

Tin     .     . 

.     58-8 

Titanium. 

.     .     24-2 

Tungsten 

.     920 

Uranium 

.    6o-o 

Vanadium 

.     68-5 

Zinc  .      . 

•     •     32*5 

Zirconium 

.     .     .q3'6 

(896)  Gerhardt^s  Notation. — M.  Gerhardt,  starting  with  the 
assumption  that  the  equivalents  of  all  compound  bodies  yield  two 
volumes  of  vapour,  has  been  induced  to  modify  some  of  these 
numbers,  and  his  example  has  been  followed  by  Dr.  Williamson 
and  some  other  chemists.  The  equivalents  of  oxygen,  carbon, 
sulphur,  selenium,  and  tellurium  remain  the  same  as  those  com- 
monly adopted ;  he  divides  those  of  nearly  all  the  other  elements 
by  two ;  or  if  the  reduced  equivalent  of  hydrogen  be  adopted  as 
the  unit  of  comparison,  the  equivalent 


of  oxygen  =■  \6 
of  carbon  =12 
of  sulphur       =32 


of  selenium  =   79*2 
of  tellurium  =  128*0 


the  other  numbers  remaining  unaltered.  In  the  inorganic  divi- 
sion of  the  science  comparatively  little  advantage  is  gained  by  this 
change ;  but  in  many  instances,  where  organic  compounds  are  con- 
sidered, the  method  leads  to  a  considerable  simplification  of  the 
formulae  employed.  A  few  formulae  are  subjoined  for  the  purpose 
of  contrasting  them  with  those  in  ordinary  use  : — 

Compounds.  Ordinary  Fonnulae.  '        Gerhardt's  Formulse. 

■Water HO H2O. 

Potash KO K2O. 

Hydrate  of  Potash KO,  HO KHO. 

Oxide  of  Silver AgO Ag„0. 

Hydrochloric  Acid HCl HCl. 

Chloride  of  Potassium      .     .     .  KCl KCl. 
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Compounds.  Ordinary  Formulae.  Gerhardt's  Formulse, 

Hydrated  Nitric  Acid      .     .     .  HO,  NO5     .     .  NO3H. 

Nitrate  of  Potasli KO,  NO^      .     .  NO3K. 

Carbonic  Acid CO2     .     .     .     .  CO2. 

Carbonate  of  Potash     ....  KO,  CO2      .     .  CO3K2. 

Bicarbonate  of  Potash      .     .     .  HO,  KO,  2CO2  CO3KH. 

Hydrated  Sulphuric  Acid     .     .  HO,  SO3      .     .  SO^Hg. 

Sulphate  of  Potash KO,  SO3      .     .  SO^Kg. 

Bisulphate  of  Potash    ....  KO,  HO,  SO3  .  SO4KH. 

Tribasic  Phosphoric  Acid      .     .  3HO,  PO5    .     .  PO4H3. 

Tribasic  Phosphate  of  Soda  .     .  sNaO,  PO5  .     .  P04Na3. 

Ordinary  Phosphate  of  Soda     .  2NaO,  HO,  PO5  P04Na2H. 

Hydrated  Acetic  Acid      .     .     .  HO,  C4H3O3     .  C2H40„. 

Acetate  of  Potash KO,  C4H3O3     .  C2H3Kb2. 

Acetic  Anhydride C4H3O3    .     .     .  C4H6O3  or  ( ^^ggO  "|  q 

Alcohol HO,  C4H50^    .  C^TL.O. 

These  illustrations  of  M.  Gerhardt^s  system  are  sufficient  to 
show  that  in  certain  cases  it  admits  of  being  happily  applied  to 
compounds  of  inorganic  origin  as  well  as  to  the  more  complex 
bodies  derived  from  the  department  of  organic  chemistry.  The 
acid  sulphates  and  carbonates  are  thus  assimilated  to  the  neutral 
salts,  and  it  will  be  observed  that  M.  Gerhardt  adopts  the  con- 
clusion that  the  acid  in  both  these  families  of  salts  is  bibasiCj  a 
conclusion  which  theoretical  considerations  render  probable. 


END    OF    PART    II. 
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Page      17, 


41, 

I 

50, 

II 

77, 

4 

>> 

5 

1^3, 

H 

13T, 

9 

T63, 

6 

168, 

5 

>> 

18 

>> 

27 

175, 

18 

222, 

23 

223, 

8 

225, 

14 

bottom, 

for  12-65 

2, 

read  13-67 

2. 

J) 

)} 

33-52, 

,, 

32-52. 

top, 

n 

1-^83187, 

,, 

1*293187. 

j> 

>» 

(95), 

,, 

(13a). 

j> 

>5 

^•48, 

,, 

2-519. 

>, 

>> 

0-0882, 

,, 

00108, 

bottom, 

>) 

1751, 

,, 

1-957. 

n 

>, 

refraction^ 

,, 

reflection. 

>) 

>) 

xxvi., 

j> 

XX. 

top, 

J> 

9393, 

J, 

9390- 

>> 

>> 

dele  9153. 

J> 

>> 

9250, 

,, 

9256. 

>> 

>> 

21060, 

,, 

31860. 

bottom, 

>> 

0-8009, 

,, 

0*8179. 

top, 

>> 

0*8721, 

J, 

0*8271. 

the  table 

J> 

4  "4 

3*3, 

j» 

7-7 

5-7. 

J> 

47 

4'3, 

,» 

9-0 

8-1. 

>> 

7-5 

6-9, 

,j 

14-4 

12-3. 

>> 

II -o 

8-6, 

,, 

19-6 

12*9. 

>» 

ii-o 

lo-o. 

,, 

21*0 

19-8. 

>> 

275 

205-0, 

,, 

238 

296-2. 

„       9  ,, 

,,  last  line  of  table 

257,  In  the  table,  place  the  figures  8*95   13-19  opposite  to  arseniuretted  hydrogen, 

instead  of  chlorine. 

345,  20  lines  from  the  bottom,  for  directly^  read  inversely. 

349,  12  ,,  ,,  ^,  piece  of  plate,     ,,    ptair  of  plates. 

"        5  „  „         >'  ^r=rT2u=°'°47,read7^=yV- =0-049. 


365,     9 


top, 


7*48,  read  12*5. 


■+J- 
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Page    452,     2  lines  from  the  bottom,    for  76-99  read  79*19. 


463, 

10 

and 

14 

top 

,, 

12 

lines  from 

,, 

511, 

18 

»> 

bottom, 

546, 

15 

», 

,, 

618, 

3 

,, 

top, 

652, 

15 

,, 

bottom, 

703,  15 


776,  15 
791,  10 


top, 


79-19   „  76*99. 

a,  ,,    h. 

h  ,,    a.  (in  both  cases.) 

II.       ^„    I. 

^0212°  but  not  higher,  read  but  mv^t  be  Tcept 

below  212°. 
2  CaF  +  2  HO,  S03  =  2  CaO,  SO3+2  HF,  read 

2  CaF  +  2(H0,S03)  -  2(CaO,S03)  +  2  HF. 
peroxide,  read  suboxide. 
after  these  bodies  were  found,   add  in   other 

respects. 
for  opaque,  read  oblique. 
57'77,  read 56-52. 


Page   809,   19  lines  from  the  top, 


„    826,  13 

n 

„       827,     8 

,, 

„       840,  16 

bottom, 

»       857,     4 

M 

„       868,   10          ,, 

top, 

,,       905)   15           n 

bottom. 

„        >j      12          „ 

J, 

„        941,      <2            j» 

,j 

,,       947,   t8          ,, 

top, 

„       997,     5          ,, 

,j 

„     1020,  16          „ 

,) 

for  2MgO,  SiOg  +  2  MgO,  3  SiO^  read  ^(MgO,  SiO^) 

+  c2MgO,  3Si08. 
,,  '2{A\^0^,  PO5)  +  5aq,  read  2  Al^Og,  POg,  5  aq. 
,,   2  AI2O3,  3  SiOg  +4aq,  read  AlaOa,^  Si02,2  aq. 
,,  an  acid  chloride,  read  a  hydrated  chloride. 
,,   141,  read  xli. 
„  protoxalate,  re&d  peroxalate. 
,,  00,  read  0°. 
,,  after  grain  of,  add  metallic  iron  present  in  the 

form  of. 
„  56,  read  54. 
, ,  exhausted,  read  excluded. 
, ,  sulphide,  read  sulphate. 
,,  dele  to. 


Note. — Since  the  paragraph  on  teroxide  of  hydrogen  (p.  626)  was 
printed,  Dr.  Andrews  has  communicated  a  paper  on  Ozone  to  the  Royal 
Society,  in  which  he  shows  that  the  compound  evolved  during  electrolysis  is 
not  (as  Baumert  supposed)  a  compound  of  hydrogen,  but  that  it  is  oxygen  in 
the  active  state,  possessing  properties  identical  with  those  exhibited  by 
electrified  oxygen,  vide  p.  448. 
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M.D.    Two  Volumes.    34s. 

Elements  of  Chemistry.     By  W.  A. 

MiLLEB,M.D.,F.R.S.,ProfessorofChemis- 
try,  King's  College.  Three  Parts.  £2  6s.  6d. 

Pirst  Lines  in  Chemistry.     By.  A.  J. 

Beenay's.    With  179  Illustrations.    7s. 

Manual  of  Chemistry.     By  W.  T. 

Brande,  F,R.S,  Two  large'  volumes. 
£2  5s, 

Dictionary  of  Materia  Medica  and 

Pharmacy,     By  the  same  Author.    15s. 

Principles  of  Mechanism,     By  Pro- 
fessor Willis,  M,A.,  F.R.S, 
Lectures    on   Astronomy.      By  H. 

Moseley,  M.A.,  F.R.S.   Revised.    3s.  6d. 

Elements  of  Meteorology.     By  the 

late  Professor  Daniell.  With  Plates, 
Two  Volumes,    Octavo.    32s. 

On  Thunder   Storms,   and  on   the 

Means  of  Protecting  Buildings  and  Ship- 
ping against  the  Effects  of  Lightning.  By 
Sir  W.  Snow  Harris,  F.R.S.    10s.  Gd. 

Connexion  of  Natural  and  Divine 

Truth.  By  Baden  Powell,  M.A.,  F.R.S., 
Professor  of  Geometry,  Oxford.    9s. 

Undulatory  Theory  as  applied  to  the 

Dispersion  of  Light.    By  the  same.    9s. 

Structure    and    Punctious    of    the 

Human  Spleen.  By  H.  Gray,  F.R.S. 
With  64  Illustrations.     15s, 
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On  tlie  Diseases  of  the  Kidney.     By 

Gkouge  Johnson,   M.D.,    Physician    to 
King's  College  Hospital.     14s. 

Oil  Epidemic  Diarrhoea  and  Cholera; 

their  Pathology  and  Treatment.     With  a 
llecord  of  Cases.     By  the  same.    73.  6d. 

Sanitary  Condition  of  the  City  of 

London  (from  1848  to  1853).  With  Preface 
and  Notes.  By  JouxSimox,F.R.S.  Bs.Bd. 

Physiological  Anatomy  and  Physio- 
logy of  Man,  By  Dr.  Todd,  F.R.S.,  and 
W.  Bowman,  r.E.S.    Two  Volumes.    £2. 

On  Medical  Evidence  and  Testimony 

in  Cases  of  Lunacy.    By  T.  Mayo,  M.D., 
F.K.S.    3s.  (Jd. 

The  PJiilosophy  of  Living.  By  Hee,- 

BUET  Mayo,  M.D.    5s. 

Management  of  the  Organs  of  Di- 
gestion.   By  the  same.    6s.  6d. 
Lunacy  and  Lunatic  Life.     3s,  Cd. 
German  Mineral  Waters :  and  their 

Employment  forthe  Cure  of  certain  Chronic 
Diseases.     By  S.  Sumo,  M.D.    7s.  6d. 

Spasm,   Languor,   and  Palsy.     By 

J.  A.  Wilson,  M.D.    7s. 

Gout,  Chronic  lllieumatism,  and  In- 
flammation of  the  Joints.  By  K.  B.  Todd, 
M.D.,  F.K.S.    7s.  Gd. 

Lectures  on  Dental  Physiology  and 

Surgery.     By  J.  Tomes,  F'.R.S.    Octavo. 
With  100  Illustrations.     12s. 

Use  and  Management  of  Artificial 

Teeth.     By  the  same  Author.    33.  6d. 

Practical  Chemistry  for  Earmers  and 

Landowners.    By  J.  Tkimmeu,  F.G.S.   5s. 

Practical    Geodesy.      By    Butleu 

Williams,  C.E.    8s.  6d. 

Manual  for  Teaching  Model-Draw- 
ing.   By  the  same.    los. 
Instructions  in  Drawing.    Abridged 

from  the  above.    33. 

Chemistry  of  the  Eour  Ancient  Ele- 
ments.   By  T.  Gkiffiths.    43.  6d. 
Recreations  in  Chemistry.     By  the 

same.     5s. 

llecreations  in  Astronomy.    By  Rev. 

L.  ToMLiNSON,  M.A.    4a.  6d. 

Recreations  in  Physical  Geography, 

By  Miss  R.  M.  Zoknlin.    6s. 

World  of  Waters;  or,  liecreations 

in  Hydrology.  By  the  same  Author.  43. 6d. 

Recreations   in  Geology.     By  the 

same  Author.    43.  6d. 

Guyot's  Earth  and  Man.     2s. 
Elements     of    Eortification.       By 

Captain  Lendy.    With  236  Woodcuts. 

7s.  6d. 

Shipwrecks  of  the  Royal  Navy.    By 

W.  O.  S.  GiLLY.    With  Preface  by  Dr. 

GiLLY.       03. 


Danger  of  Superficial  Knowledge. 

By  Professor  J.  D.  Forbes.    2s. 

Meliora;  or,  Better  Times  to  Come. 

Edited  by  Viscount  Ingestkb,  M.P.   Two 
Series,    os.  each. 

Introductory  Lectures  delivered  at 

Queen's  College,  London.    Ss. 

'Spiritual  Songs'  for  the  Sundays  and 

Holydays  throughout  the  Year.    By  John 
8.  B.  MoNSELL,  LL.D.    43.  6d. 

Days  and  Hours.     By  Erederick 

Tennyson.    63. 

The  Angel  in  the  House.     By  Co- 
ventry Patmokk.    One  Volume.    7s.  6d. 
TlieSaint'sTragedy.  ByC.KiNGSLEY, 

Rector  of  Eversley.     23. 

Justin  Martyr,  and  other  Poems.  By 

R.  C.  Trench.    6s. 

Poems  from  Eastern  Sources:  Geiio- 

veva  and  other  Poems.  By  the  same.  os.6d. 

Elegiac  Poems.  By  the  same.  2s.  6d. 
The  Poems  of  Goethe.     Translated 

by  Edgae  a.  Bowring.    73.  6d. 

Schiller's  Poems,  Complete.    Trans- 
lated by  Edgar  Alfred  Bowring.    6s. 
Calderon's    Life's  a    Dream :    the 

Great  Theatre  of  the  World.     AVith  an 
Essay  by  R.  C.  Trench.    4s.  6d. 

Six  Dramas  of  Calderon.  Translated 

by  Edward  Fitzgerald.  4s.  6d. 
xVladdin;  or,  the  Wonderful  Lamp. 

ADramatic  Poem, by  Oeulenschlaeges 
Translated  by  Theodore  Martin.    53. 

Eor  and  xigainst ;  or.  Queen  Mar- 
garet's Badge.  By  Frances  M.  Wil- 
BRAHAM.    2  vols.,  fcap.  8vo. 

Likes  and  Dislikes;  or.  Passages  in 

the  Life  of  Emily  Marsden. 

Hassan;  an  E2:yptianTale.     By  the 

Hon.C.A.MuRRlY,C.B.    Two  Vols.    21s. 

What  you  Will ;  an  Irregular  Ro- 
mance.   5s. 
Uncle  Ralph;  a  Tale.  By  the  Author 

oi  Dorothtj.    4s.  6d. 

The  Interpreter :  a  Tale  of  the  War. 

By  G.  J.  AViiYTE  Melville.   10s.  6d. 

Dauntless.  By  the  Author  of '  Hands 

not  Hearts,'  'The  Revelations  of  a  Com- 
monplace Man.'    Two  Vols.     8s. 

Gay  Livingstone;  or.  Thorough.  9s. 
Dynevor  Terrace.    By  tlie  Author  of 

The  Heir  of  llfAlclujJ'e.  6s. ;  also  Two  Vols., 
12s. 

Still  Waters.      By  the  Author  of 

Dorothy.    Two  Volumes.    93. 

The  Daisy  Chain.   By  the  Author  of 

The  Jlsir  of  Medchiffe.'  6s. 

The  Lances  of  Lynwood.     By  the 

same  Author.    3s. 
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Kate  Coventry,  an  Autobiography. 

By  the  Author  of  Digit/  Grand.    7s.  6d, 

Digljy   Grand.     By  Major  Whyte 

Melville.    5s. 

General  Bounce.  By  Major  Whyte 

Melville.    Two  A'^olumes.    15s. 

The  Myrtle  and  the  Heather.     By 

the  Author  of  Gwen.    Two  Volujues.    9s. 

Heir  of  Bedclyffe.     6s. 
Heartsease.    By  the  Author  of  The 

Heir  of  Iteddyffe.    6s. 

Gwen ;  or,  the  Cousins.     By  A.  M. 

Goodrich.    Two  Volumes.    9s. 

The  Wedding   Guests.     By  Mary 

C.  Hume.    Two  Volumes,    16s. 

Light  and  Shade;    or,   the  Young 

Artist.    By  Anxa  H.  Del  rt.  6s. 

Friends  and  Fortune.    By  Anna  H. 

Deury.    6s. 

The  Inn  by  the  Sea-Side.    By  Anna 

H.  DfiURY.    An  Allegory.    2s. 

Yeast :  a  Problem.  By  C.  Kingsley, 

Eeetor  ofEversley.    5s. 

Plypatia.     By  C.  Kingsley.     One 

Volume.    Gs. 

Compensation.  A  Story  of  Real  Life 

Thirty  Years  A fjo.    Two  Volumes.    9s. 

Dorothy.     A  Tale.     4s.  6d. 

De  Cressy.    A  Tale.    By  the  Author 

of  '  Dorothy.'    4s.  6(i. 

Tlie  Upper  Ten  Thousand :  Sketches 

of  American  Society.  ByANEW  Yorker.  5s. 

The  Youth  and  Womanhood  of  Helen 

Tyrrel.     By  the  Author  of  Brampton  Hec- 
tor y.    6s. 

Brampton  Rectory;  or,  tlie  Lesson 

of  Life.    8s.  6d. 

Compton  Merivale.     By  the  Author 

of  Brampton  Jiectory.    8s.  6d. 

The  Cardinal  Virtues.  ByHARRiETTE 

Campbell.    Two  Volumes.    7s. 

The  Merchant  and  the  Friar.     By 

Sir  F.  Palgrave.    3s. 

The  Little  Duke.    By  the  Author 

of  Heartsease.    Is.  6d. 

New  Friends  :  a  Tale  for  Children. 

By  the  Author  of  Julian  and  Jiig  Blayfel- 
lows.    2s.  6d. 


The  Crusaders.  ByT.KpjGHTLEY.  7s. 
The  Lord  and  the  Vassal;  a  Familiar 

Exposition  of  the  Feudal  System.    2s. 

Labaume's    History  of  Napoleon's 

Invasion  of  Russia.    2s.  6d. 

Historical  Sketch    of    the    British 

Army.     By  G.  E.  Gleig,  M.A,    3s.  6d. 

Family  History  of  England.    By  the 

same.    Three  Volumes.     10s.  6d, 


Familiar   History    of    Birds.      By 

Bishop  Stanley.    Ss.  Gd. 

Domesticated  Animals.     By  Mary 

Roberts.    2s.  6d. 

Wild  Animals.  By  the  same.  2s.  Gd. 
Young   Officer's    Companion.      By 

Lord  De  Ros.    6s. 

Popular  Physiology.  By  P.  B.  Lord, 

M.B.    5s. 

Amusements  in  Chess.    By  C.  Tom- 

LixsoN.    4s.  6d. 

Musical   History,    Biography,    and 

Criticism.  By  George  Hogarth.  Two 
Volumes.     10s.  Gd. 

Woman's     Mission.      Gilt    edges. 

2s.  6d. 

Woman's  Rights  and  Duties.     Two 

Vols.    14s. 

Intellectual  Education,  and  its  In- 
fluence on  the  Character  and  Happiness  of 
Women.  By  Emily  Shirreff,  one  of  the 
Authors  of '  Thoughts  on  Self-Culture.' j 

UUmann's   Gregory  of  Nazianzum. 

A  Contribution  to  the  Ecclesiastical  His- 
tory of  the  Fourth  Century.  Translated 
by  G.  V.  Cox,  M.A.    6s. 

Neander's  Jidian  the  Apostate  and 

his  Generation.  Translated  by  G.  V. 
Cox,  M.A.     3s.  6d. 

Daldmann's    Life    of     Herodotus. 

Translated  by  G.  V.  Cox,  M.A.    5s. 

Student's  Manual  of  Ancient  His- 
tory.   By  W.  Cooke  Taylor,  LL.D.    6s. 

Student's  Manual  of  Modern  His- 
tory.   By  the  same.  63. 

History  of  Mohammedanism.  By  the 

same  Author.     4s. 

History  of  Christianity.  By  the  same 

Author.    6s.  6d. 

Hellas :  the  Home,  History,  Litera- 
ture, and  Arts  of  the  Ancient  Greeks.  By 
F.  Jacobs.  Translated  by  J.  Oxeneord. 
4s.  6d. 

Analysis    of  Grecian  History.     By 

Dawson  W.  Turxer,  M.A.     2s. 

Analysis  of  Roman  History.    By  the 

same  Author.     2s. 

Analysis  of  English  and  of  French 

History.    By  the  same.    2s. 

Notes  on  Indian  Aifairs.     By  the 

Hon.  J.  F.  Shore.    Two  Vols.    28s. 

Claudius  Ptolemy  and  the  Nile ;  or, 

an  Inquiry  into  that  Geographer's  merit 
and  errors,  and  the  authenticity  of  the 
Mountains  of  the  Moon.  By  W.  D. 
CooLBY.    With  a  Map.    4s. 

The  Holy  City.    By  G.  Williams, 

B.D.  With  Illustrations  and  Additions, 
and  a  Plan  of  Jerusalem.  Two  Vols.  £2  5s. 
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History  of  the  Cliristian  Clnircli.    By 

Dr.  BuKXoy, Professor  of  Divinity,  Oxford. 
5s. 

Outlines  of  Sacred  History.    2s.  6d. 
Outlines  of  Ecclesiastical  History; 

Before  the  Eeformation.      By  the   Eev. 
W.  H.  HoAKE,  M.A.    2s.  6cl. 

Bible  Maps ;    \Yith  copious  Index. 

ByW.  Hughes.    Coloured.    5s. 

The  Three  Treacherous  Dealers:  An 

Hhistration  of  the  Church  Catechism.    By 
J.  W.  Donaldson,  D.D.    23.  6d. 

Civil   History  of    the   Jews.      By 

O.    Cockayne,    M.A.,     King's    College. 
4s.  6d. 

Garrick's    Mode    of    Reading    the 

Liturgy.    With  JSTotes,  and  a  Discourse  ou 
Pubhc  Eeading.    By  E.  Cull.    5s.  6d. 

The  Pour  Gospels  in  one  Narrative. 

Arranged  by  Two  Priends.    4s.  6d. 

The  Book  of  Psalms  literally  ren- 
dered into  English  Verse,  according  to  the 
Prayer  Book  Version.  By  Edgak  Alfked 
BowciNG.     5s. 


Life  of  Mrs.  Godolphm.    By  John 

Evelyjt.  Edited  by  the  Bishop  of  Oxford. 
With  Portrait.    6s. 

llemains  of  Bisliop  Copleston.  With 

Eeminiscences  of  his  LiK.  By  the  Arch- 
bishop of  Dublin.  With  Portrait. 
10s.  6d. 

Memoii'  of  Bishop  Copleston.  ByW. 

J.  Copleston,  M.A.    10s.  6d. 

Life  of  Archbishop   Sancroft.     By 

Dr.  D'Otly.     Octavo.    9s. 

Memoirs  of  Bishop  Butler.    By  T. 

Bartlett,  M.A.    12s. 

Lives  of  Eminent  Cliristians.     By 

E.  B.  Hone,  M.A.,  Archdeacon  of  Wor- 
cester.   Pour  Volumes.    18s. 

Bishop  Jeremy  Taylor ;  His  Prede- 
cessors, Contemporaries,  and  Successors. 
By  Eev.  E.  A.  Willmott.    5s. 

Lives  of  English  Sacred  Poets. 

the  same  Author.  Two  Vols.    9s. 

Life  and  Services  of  Lord  Harris. 

By  the  Eight  Hon.  S.  E.  Lushingtok. 
6s.  6d.       

Bacon's  Essays ;  with  the  Colours  of 

Good  and  Evi'l.  AVith  the  Eeferences  and 
Notes.     By  T.  Makkby,  M.A.    Is.  6d. 

Bacon's  Advancement  of  Learning. 

Eevised,  with  Eeferences  and  Notes,  and 
an  Index.    By  T.  Markby,  M.A.    2s. 


Principles  of  Imitative  Art. 

George  Builee,  M.A.    6s. 


By 


By 


Butler's  Sermons  on  Human  Nature. 

With  Preface  by  Dr.  Whewell.    3s.  6d, 

Butler's  Sermons  on  Moral  Sub- 
jects. With  Preiace  by  Dr.  Whewell. 
3s.  6d. 


By  E.  Chenevix  Tkench,  D.D.,  Dean  of 

Westminster. 

Notes  on  the  Parables.  12s. 
Notes  on  the  Miracles.  12s. 
Five  Sermons  preached  before  the 

University  of  Cambridge  in  1856.    2s.  6d. 

Hulsean  Lectures.     By  the    same 

Author.    5s. 

St.  Augustine's  Exposition  of  the 

Sermon  on  the  Mount.  With  an  Essay  on 
St.  Augustine  as  an  Interpreter  of  Scripture . 
7s.    The  Essay  separately,  3s.  6d. 


Essays  by  the  Archbishop  of  Dublin. 

On  Peculiarities  of  the   Christian 

Eeligion.     7s.  6d. 

On  Difficulties  in  the  Writings  of 

the  Apostle  Paul.    8s. 

On  Errors  of  Bomanism.     7s.  6d. 
On  Dangers  to  Christian  Eaith  from 

the  Teaching  or  the  Conduct  of  its  Pro- 
fessors.   7s.  6d. 

The  Scripture  Doctrine  concerning 

the  Sacraments.     2s.  6d. 


Cautions  for  the  Times.     Edited  by 

the  Archbishop  of  Dublin.    7s. 

English  Synonjans.  Edited  by  Arch- 
bishop of  Dublin.   3s. 

By  E.  Chenevix  Trench,  D.D.,  Dean  of 

Westminster. 

Synonyms  of  the  New  Testament. 

03. 

English,  Past  and  Present.     4s. 
On  some  Deficiencies  in  our  English 

Dictionaries.    2s. 

On  the  Study  of  Words.     3s.  6d. 
Proverbs  and  their  Lessons.      3s. 
Sacred  Latin  Poetry.     With  Notes 

andlnti-oduction.    7s. 
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Sermons  Preached  in  Wells  Catlie- 

dral.  By  G.  H.  S.  JonNsoir,  M.A-,  F.E.S., 
Dean  of  AVells.    5s, 

Dialogues   on    Divine    Providence. 

By  a  Fellow  of  a  College.    33.  6d. 

The  Church,  its  Nature  and  Offices. 

By  C.  P.  Reichel,  B.D.,  Professor  of 
Latin  in  the  Queen's  University.    6s. 

Liber  Precum   Publicarum;    Ordo 

Administrandae  Ccenae  Domini,  Cateckis- 
mus,  Ecclesiae  AnglieaniB.  Psalterinm. 
58.  6d.  cloth;  10s.  6d.  calf. 

Sequentise  ex  Missalibus,  Anglicis, 

Gallicis,  Germanicis  Desumptaj.  Collegit, 
notulasque  addidit  J.   M.    Neale,  A.M. 

7s. 

Ordo  Soeclorum ;  a  Treatise  on  the 

Chi-onologv  of  the  Holy  Scriptures.  By 
H.  Bkowne,  M.A.,  Canon  of  Chichester. 
20s. 

Pearson  on  tlie  Creed,  revised  and 

corrected.  By  Temple  Chevallikk,  B.D. 

123. 

College  Lectures   on  Ecclesiastical 

History.  By  W.  Bates,  B.D.,  Fellow  of 
Christ's  College,     Cambridge.    6s.  6d. 

College  Lectures  on  Christian  An- 
tiquities.   By  the  same.    9s. 

The  True  Paith   of   a    Christian; 

being  a  simple  Exposition  of  the  Apostles' 
Creed.    By  Rev.  C.  J.  D'OrLY.    23.  6d. 

Choral  Ser\T[ce  of  the  Church:  an 

Inquiry  into  the  Liturgical  System  of  the 
Cathedral  and  Collegiate  Foundations.  By 
J.  Jebb,  M.A.,  Rector  of  Peterstow. 
16s. 

The  Personality  of   the    Tempter. 

By  C.  J.  Vaughak,  D.D.,  Head  Master  of 
Harrow  School.    Octavo.    7s.  6d. 

Sermons  Preached  in  the  Chapel  of 

Harrow  School.  By  the  same  Author. 
Second  Series.    12s. 

Sermons  preached  before  the  Uni- 
versity of  Oxford.  ByC.  A.Ogilvie,D.D., 
Canon  of  Christ  Church.     Octavo.     5s. 

Lectures  on  the  Prophecies.    By  A. 

M'Caul,  D.D.,  Professor  of  Divinity  in 
King's  College,  London.    Octavo.    7s. 

The    Messiahship    of    Jesus.      By 

Dk.  M'Caul.    7s. 

Discourses  on  Christian  Humiliation 

and  on  the  City  of  God.  By  C.  H.Tekeot, 
D.D.,  Bishop  of  Edinburgh.    7s.  6d. 

College  Chapel  Sermons.     By  W. 

Whewell.  D.D.    lOs.  6d. 


^mall  |loohs  on  dsxzvit  Subjects. 

Philosophical    Theories    and    Philosophical 

Experience.     3a.  6d. 
On  the  Connexion  between  Physiology  and 

Intellectual  Science.     3s.  6d. 
On  Man's  Power  over  Himself  to  prevent  or 

control  Insanity.     3s.  6d. 
Introduction  to  Practical  Organic  Chemistry, 

OS.  6d. 
Brief  View  of  Greek  Philosophy  to  the  Age 

of  Pericles.     3s.  6d. 
Greek    Philosophy   from    Socrates   to    the 

Coming  of  Christ.    3s.  6d. 
Christian    Doctrine-   and     Practice   in    the 

Second  Century.     3s.  6d. 
Exposition  of  Vulgar  and  Common  Errors. 

3s.  6d. 
Introduction  to  Vegetable  Physiology.  3s.  6d. 
On  the  Principles  of  Criminal  Law.     3s.  6d. 
Christian  Sects  in  the  Nineteenth  Century. 

3a.  6d. 
General  Principles  of  Grammar.    3s.  6d. 
Sketches  of  Geology.    3s.  6d. 
State  of  Man  before   tlie  Promulgation  of 

Christianity.    3s.  6d. 
Thoughts    and   Opinions    of  a    Statesman. 

3s.  6d. 
On  the  Responsibilities  of  Employers.  33.  6d. 
ChristianDoctrine  andPractice  in  theTwelfth 

Century.    3s.  6d. 
The  Philosophy  of  Ragged  Schools.    33.  6d. 
On  the  State  of  Man  subsequent  to  the  P»o- 

mxilgation  of   Christianity.     Four  Parts. 

4s.  6d.  each. 

CLASSICAL  TEXTS,   Carefully  Itevhed. 
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